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SUB CONTRACTS 









Even where Plastics offer no advantage 
over Metal, the use of Plastics will 
add to the number of sub-contractors 
on whom you can call. 


Ask your own design drawing office, 
therefore, to keep the name ERINOID 
in mind. 


For ERINOID LTD. can frequently 
suggest methods of using one or 
other of the wide range of Plastic 
materials made by them, and will 
always supply the names of suitable 
processers. 


ERINOID 


One of the oldest names tn the Plastics Inilustry 








a & SYNTHETIC RESINS 


LAMINATED MATERIALS 





ERINOID LIMITED, tiGHTPILi MILLS, STROUD GLOS 
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BIRKBYS LTD. 


A wide practical experience enables us to 
give reliable technical data and valuable 
information on all these products. 





FOR EVERYTHING 
ELECTRICAL 
AND 1,001 
OTHER USES 
LIVERSEDGE -YORKS 
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bead the Wold / 


Beken ‘“‘ Duplex’’ Mixers introduce the nearest 
approach to perfect mixing. The patented 
and scientifically - designed intermeshing 
blades have made the difference between 
mere ‘‘agitation’’ and a true homogeneous 
mix . . . and it is done more quickly and with 
lower power costs. The he igaga of the 
ingredients . however diverse . . . are cor- 
rectly maintained throughout the run. What- 
ever the output, there is a ‘* Beken’”’ Mixer to 
suit ; write for full catalogue. 


Sole 
Distributors * 
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LAWINO (LONDON) LTD. ¢:..54: 


103, KINGSWAY, LONDON.W.C.2. 


Sole 
Adokers 


RIPPLE ROAD, 


E.HUNT&CO..LTD. 


BARKING, 


Saez. 











VINYL PRODUCTS 


LIMITED 
MANUFACTURE :— 


ADHESIVES 


SYNTHETIC RESIN 
EMULSIONS 


FLEXIBLE 
PROTECTIVE COATINGS 


THERMOPLASTIC 
MATERIALS OF ALL TYPES 


WE INVITE YOUR INQUIRIES 
AND PROBLEMS 


234, HIGH STREET, 
BRENTFORD, MIDDX. 


TELEGRAMS - ~- VINYL, BRENTFORD 
TELEPHONE - - - = EALING 0400 



















FOR BAKELITE 


Acetate and other Synthetic 
Mouldings. Modern Plant 
and Facilities 


APPLIANCE CL"? 
WOOLFOLD, BURY, LANG, 


Telephone: Bury 1560-1 Telegrams :“Bysonite, Bury.” 











ARDU X is good at doing 


















° , ° 

awkward jobs in the radio and 

H H H It is unsurpassed 

el ectrical industri es. for cementing iron 

bobbins, holding meta) inserts in mouldings, building up 

complicated shapes from 

ARDUX Messrs, The perenen 
Transformer Co, 

exhaustive tests here, and 

have satisfied ourselves that 

material of its kind we have 

ever used, The electricaltest« 


dust cores, attaching cheek plates to tubes in transformer 
laminated sheets. 

WELDS PLASTICS \paueaeearereeene 

mechanically it is the best 

also were very satisfactory.” 





AERO RESEARCH LIMITED 

















saw STON DUXFORD, CAMBRIDGE 
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what is it? 


Hydulignum, as the name ‘implies, is a 


high-duty wood ...a laminated plastic 
material produced by Hordern-Richmond 
Aircraft Ltd., incorporating a unique 


process of two-way compression. 


An important application of this material 
is in the manufacture of Hydulignum 
Propeller Blades, which are featured on 
to-day’s leading aircraft. By virtue of its 
high shear value, homogeneity and con- 
trolled density, Hydulignum represents 
a valuable addition to the materials at 


the disposal of industry. 


HORDERN-RICHMOND AIRCRAFT LTD. 


ORIGINATORS OF HYDULIGNUM PROPELLER BLADES 
STATIC BALANCE UNIT + CRISTOFIN BLADE COVERING 
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_Pryfed Mouldings 


FOR EVERY APPLICATION 








Send us your enquiries. A 
Technical Representative 
will be pleased to call and 
discuss mouldings with you. 


AA (a\ | 
The moulding | 


illustrated is by A 8 y 

courtesy of ‘ -. WOOet 
George Kert Ltd., on it eas 

Luton bas CHESTER R 





Delusion of an Fllison Employee at 
present in the a East... 
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“IMPREGNATED ® 
= AND COATED 3 
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SAMUEL JONES CL 


16/17 NEW BRIDGE ST-EC4 Centra.650O0 


TUFNOL 


Regd. Trade Mark 


sELLISON INSULATIONS: 


LIMITED 
PERRY BARR BIRMINGHAM 228 
a7 





#&TUFNOL® TUFNOL&TUFNOL®TUFNOL &T UENOL&®& TUFNOL®TUFNOL®TUFNOL® 
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TWENTY-FOUR HOURS A DAY 


At all costs the work of the B.B.C. must go 


<a 


on, day in and day out for twenty-four hours. 


a 
For this it must have a reliable power unit, 


| —K 


pi 
AIONINL¥IONINLF IONINLF IONINIL* 


and Blackstone engines have therefore been 
selected to supply that power. 


If you are interested in obtaining similarly 


% MONINLFIONINLFIONINL¥FIONINL*¥ 


reliable power units, write for particulars to— 


BLACKSTONE AND CO. LTD. + STAMFORD + ENGLAND 


wv 
w 
o 





PLASTICS 





Diastics for Aircraft 


MOULDINGS, STAMPINGS, 


ASSEMBLED PARTS, ETC., 
from CELLULOSE ACETATE and 
other THERMOPLASTIC SHEETING 





See eet GORY & CO. Clatig) Et 


Leytonstone 1407 


Telephone 





Components for 
AIRCRAFT,ELECTRICAL 
and RADIO INDUSTRIES 


79, LEA BRIDGE RD. LONDON EIO. 
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EXTRUDED PLASTICS 


will play a large part in post-war 
developments and the Tenaplas 
process opens up many possibilities 
for the enterprising manufacturer. 


Tenaplas Specialists can extrude 
plastic coverings of dimensional 
accuracy, in a variety of colours to 
wire, “rope and other flexible 
materials. 


Perhaps your products could be 
improved by the help of Tenaplas. 
Why not ask their advice? 


TENAPLAS 


EXTRUDED PLASTICS 


Registered Trade Mark 


— od 
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TENAPLAS LTD., 7 PARK LANE, LONDON, W.1 
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DIESINKERS, 


MOULD MAKERS, 
89-91, Rockin tonip — 


SHEFFIELD. 
TELEPHONE: SHEFFIELD 24047 
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MICANITE & THe 


COMPANY BS | LIMITED 


WALTHAMSTOW LONDON, E.1I7 
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=) SPECIALLY 
POR YOu 


At this time of the year who 
does not enjoy his own book 
at his own fireside, each selected 
for his own particular ease ? 

Benjamin Lighting is planned 
for the particular ease of every 
person in the works. Benjamin 
are specialists itt industrial 
lighting, with an engineer 
stationed in your district always 
ready to help you with any fac- 
tory lighting problem. Benjamin 
lighting is unique in that it is 
planned specially to suit the 

layout of each works. 


~ BENZAMIN 
"LIGHTING 


The Benjamin Electric Ltd., Brantwood Works, Tottenham, London, N 17 


Telegrams : ‘* Benjalect, Southtot, London.’’ Telephone : Tottenham 5252 (5 lines) 
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CIALISTS 


in Precision-production 


Quantity production of Aircraft parts and compo- 
ge nents machined from metals, alloys, etc., and more 
recently in Plastics, from rod, tube, sheet, etc. 


8 Manufacture of high-precision Jigs and Fixtures 
(excluding moulds) for mass-production operations 
and assemblies. 
os 0|20 Esc wee 


Ais Also, construction of Units in transparent Plastics 
36 for scientific tesearch or industrial purposes. 


3) SERVICE. An excellent precision laboratory 
guarantees Quality to finest limits and gives facilities 
to assist new industrial development. 


ABERED PART ae & BU, LTD. 


[rection ane IN [F006 Juclton 


ENGLAND. 
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THE GRAND NATIONAL 


Becher’s Brook once again, with the war a thing 
of the past. A big field ; anybody’s race; the Grand 
National of the century! Packed car parks. A record 
crowd, with scarcely a uniform in sight. Buses by 
the hundred and trains by the dozen to take every- 
one home when bets have been settled es 


It’s good now and again to take a look forward to 
the piping times of peace ; to the days of ‘‘ business 
as usual,” with Ensign Lamp supremacy setting a 
standard of achievement. 


Meantime we keenly appreciate the courtesy and 
understanding implied by the consistent support 
of our many trade friends. We are proud to con- 
tinue in Service and, subject only to National 
requirements, will strive to maintain normal peace- 
time efficiency. 


ENSIENZ, ,. 


ENSIGN LAMPS LTD., Kent St. Works, PRESTON 


Also at London, Birmi Glasgow, Cardiff, Leeds and Belfast, 
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FERS 
PRODUCTION SUF 
THROUGH EYE FATIGUE 





The human eye suffers less strain under 
daylight than underany otherlight. Thus 
accuracy and quantity of the worker’s 
output is at its highest in full daylight. 
With the Crompton Fluorescent Tube 
virtually pure daylight can be obtained 
on all shifts. It allows 
excellent colour dis- 
crimination and it is 


LET THE CROMPTON 
LIGHTING SERVICE 
PLAN YOUR LIGHTING 





CROMPTON PARKINSON LTD., 
Telephone: Temple Bar 5911 


CROMPTON 


fluorescent 
TUBE 


ELECTRA HOUSE, 
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T ITS 
ODUCTION IS A 
PR EST IN DAYLIGHT 





almost entirely free from glare, hard shad- 
ows and reflected dazzle. The Crompton 
Fluorescent Tube is economical, too. 
An 80 watt tube gives almost as much 
light as a 200 watt filament lamp and it 
lasts twice as long. Wartime industrial 
conditions give special 
stress to the advan- 
tages of this lighting. 





LONDON, W.C.2 
Telegrams: Crompark, Estrand, London 

















MAINTAINING 
THE TRADITION 
OF 44 YEARS 
EXPERIENCE IN 
THE ART AND 
PRACTICE OF 

PLASTIC 
MOULDING AND 
TOOLMAKING 


PLASTICS 


ACETATE and NITRATE 





TONBRIDGE, KENT 
PHONE: HADLOW 233/4 
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OFF-CUTS and SCRAP 
WANTED 


for work of National Importance 





Particulars and/or 

samples sent to us will 

receive immediate 
attention. 


We can arrange collec- 
tion from your works. 





LLOYDS, ciristewurcn: 


HANTS. 












For the grinding o - 
all "kinds of Po — 
Che ~~ als, 

Colours, Pa ints, +> ~ 2 
etc. “Su ipplied lined with 
hard Porcelain, Silex or special 
linings, and can 7 nsulate oF to suit 
particular classes of work. 

Send for our free illustrated literature. 


STEELE - COWLISHAW, 
Engineers 


(Dept. No. 27), COOPER STREET, 

eno AY STOKE-ON-TRENT. 

London ec ~ = oe - & Ho) ag W.C.1. 
e epho 


Heatly 4 « Cabay's Saints Grinding 
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:, NOTE THIS SYMBOL OF 
Sm, THE SERVICE BEHIND— 


ne ‘¢ CELLOBOND ” Thermohardening and Thermo- 
plastic Adhesives for general and specific purposes. 





‘6 CELLOMOLD ” Cellulose Acetate Compression 
and Injection Moulding Powders. 


‘6 CHLOROVENE ” Polyvinyl Chloride Materials 


for Cable Sleevings and Insulations, Extrusions, etc., etc. 


$6 EPOK *”” Phenolic and Cresylic Synthetic Resins 
and Solutions. 


*6ROCKITE®” Phenolic and Cresylic Moulding 
Powders, Resins, Extruded Sections. 





F. A. HUGHES & CO., LTD. 


ABBEY HOUSE, BAKER STREET, LONDON, N.W.1. 
Phone : Welbeck 2332-6 (5 lines). Grams: Distancing, Norwest, London. 
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A major gration in many 
industries is the probable 
effect of humid heat or ex- 
treme climatic conditions on 
their materials or finished 
products. 


Examination in the con- 
trolled atmosphereofaB.T.L. 
Humidity Controlling Oven 
offers one of the best solu- 
tions. The principle of 
humidity adopted, i.e. air 
circulation over the satu- 
rated solution of a particular 
salt, enables high or low 
humidity figures from room 
temperatures up to nearly 
1008 C. to be readily 
obtained. 


An informative bulletin will 
gladly be sent on request. 





Greenwood 

















When faced by 
GRINDING NECESSITY. 


this machine ts unsurpassed 








TS GARDNER “Rapid” Combined Grinder and 
Sifter does both operations simultaneously, often 
dispensing with a separate dressing machine. Fitted with 
interchangeable screens, every partis accessible for cleaning 
quickly and easily. Like all GARDNER plant, upkeep is 
virtually nil and it will run for many years without overhaul 
or maintenance. If required, can be supplied direct 
coupled to motor. 


WM. GARDNER & SONS / 
(GLOUCESTER) LTD. G AR D ter E R’ § 
BRISTOL RD., GLOUCESTER. 
Telephone : 2288 (3 lines) 


Telegrams : ‘‘ Gardner, Gloucester.” hapa’ Lombined 


LONDON: 


19, Gray's Inn Chambers, GRINDER CSIFTER 


20, High Holborn, W.C.1. 
Telephone: Chancery 7347. 























rood 
























MARCH, 1943 PLASTICS xiii 






FULLY AUTOMATIC 
INJECTION MOULDING MACHINES 


OUTSTANDING FEATURES 


Frame construction provides unsurpassed rigidity. 


Vertical arrangement of injection pump saves floor space and 
makes rear mould easily accessible. 


Central mould adjustment by crank handle, worm and worm- 
wheel drive supporting the mould plate in its centre, thus 
preventing flash. 


Pressure reducing and flow control valves provide extreme 
versatility for handling most varied materials. 


Toggle levers with steel cam faces take the entire force of the 
injection. Cam faces. lubricated- automatically. 


No loose connections or tie bars requiring to be tightened. 
Standard capacities 2 oz..to 22 oz. per shot. 


Sole British Representatives 


DOWDING & DOLL LTD. 


3 THE GREEN, WIMBLEDON COMMON, LONDON, S.W.19 
Telephone : Wimbledon 5395/7 Te egrams: Accuratool, Wimble, London 

















SYNTHETIC RESIN PAPERS 
FOR LAMINATION OR TUBE WINDING 





\ elo 
y 


IN ALL SUBSTANCES 
HENRY & LEIGH SLATER 


BRANCH OF 
THE ASSOCIATED PAPER MILLS LTD. 


BOLLINGTON, NEAR MACCLESFIELD 
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Grindstones and Milestones 


The old grindstone outside the village 
smithy served its purpose well, but 
many highly specialised industries 
demand grinding wheels of tougher 
mettle and greater variety. 

Many of the grinding wheels in the 
factories of to-day are artificial stones, 
made in many grades and sizes, and 
they are essential machines in a 
variety of industries. 

The millions of tiny particles which 





go to make these gtinding wheels 
have to be bonded together with 
something that will always hold, 
whatever else disintegrates. That 
‘something’ which holds the particles 
together is Bakelite Synthetic Resin 
Cement . . . This is just one more 
example of the many industrial uses 
of Bakelite Plastics— another mile- 
stone in modern chemical-industrial 
achievement. 


BAKELITE LIMITED, 18 GROSVENOR GARDENS, LONDON, S.W.1 


TREFOIL 


BAKELITE & PLASTICS 


REGD. TRADE MARKS 


Pioneers in the Plastics World 
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British Industry 


WO speeches recently made _ by 

persons eminent in the plastics 
industry find an echo in our own hearts. 
Each of them, although different in con- 
text and background, was significant, 
not only for its clear and wide thinking, 
but also as an index finger pointing a 
new way of behaviour for industrialists at 
large. 
..Of Major Mohr, the President of the 
Plastics Industry, we had the occasion to 
write in 1941 that ‘‘he was the first 
President to say, although probably not 
the first to think, that the plastics indus- 
try was more than a parochial affair— 
nor need it, in peace-time, be a collection 
of individuals in which one man’s hand 
is always against the other’s. For that 
way leads to disaster.’’ How much the 
present state of the Federation owes to 
his leadership need not be discussed, but 
its horizons are now beyond the parish, its 
ranks have increased and closed to form 
a strong army and its industrial vision is 
no longer limited to its feet. 

At the recent Federation luncheon, 
Major Mohr again created a precedent for 
the industry by the denunciation of those 
dangerous optimists who claimed for 
plastics the unearned title of ‘‘ panacea 
for all ills,’ and who thus opened the 
way for the casual adventurer in finance 
who knew nothing and cared nothing for 
plastics themselves as true materials of 
construction in our social entity. 

His news that the Federation is con- 
sidering a new type of propaganda which 
will portray to the outside world what 
plastics really are, their disadvantages as 
well as their advantages, and wherein lies 
their true- value, will be welcomed by 
everybody who has. the. welfare of the 
industry truly at heart. 


Mr. Kenneth Chance’s speech at the - 


annual meeting of British Industrial 
Plastics, Ltd., might well be studied and 
reproduced by many other chairmen of 


British compan:es. We are fairly sure that 
no other chairman of a public company 
has yet had the courage to be so 
nationally spirited. 

Why, he asked, is it that we have 
neglected the natural resources of this 
country? His conclusion is interesting. 
‘‘ Great Britain has been so immersed in 
commerce, in the acquisition of wealth 
from other lands that we have ignored 
the fundamental truth that commerce 
should be the servant of industry .. . 
we were content to act as other nations’ 
carriers, to boast of our ‘invisible 
exports’ and to pat ourselves on the 
back for giving a pittance to those who 
were thereby thrown out of employment.’’ 
Mr. Chance’s alternative is reproduced on 
p. 129. 

If we may add a few words, this 
country had become the haven of inter- 
national shopkeepers, those who without 
real knowledge of them and _ withou: 
ever seeing raw materials, yet bought 
them in Kamchatka or Brazil and sold 
them in Leeds, Paris or Leipzig, and so 
wielded a dangerous command of industry. 
British brains and technical skill meant 
nothing to them. In more modern times 
there is the still greater danger of control 
of industrial works passing into the hands 
of the accountant, and accountancy 
methods may let control the whole manu- 
facturin§ system instead of being merely 
a guide and help to efficiency. 

We have recently been reading a book 
which would please both Mr. Chance and 
Major Mohr. Below we reproduce the 
final paragraphs. 


England 


ea - iheearsreemagaen is now learning again that 

neither wealth nor power nor com- 
fort, whether for class or individual, are 
ends in themselves; that the wealth of a 
nation consists in nothing but the virtue 
of her children and children’s children. 
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That no profits, education, law, custom 
or institution that does not contribute to 
their health and goodness is of any endur- 
ing value. That the proper test of all 
legislation, of every political programme 
and economic activity, is not ‘ Does it 
pay?’ or ‘ Does it enrich this class or 
that?’ but ‘ Will it make better men and 
women? ’ 

‘“An .island fortress, England has 
fought a war of redemption not only for 
Europe but for her own soul. Facing 
dangers greater than any in her history, 
she has fallen back on the rock of her 
national character. Her future and that 
of the world depend not only on her vic- 
tory but on her ability to restate in a new 
form the ancient laws of her own moral 
purpose and unity. By so doing she 
may discover a common denominator for 
human reconstruction more glorious than 
anything in her long past.”’ 

‘““ English Saga,’’ by Arthur Bryant. 


BOMBING THE HUN 


At our Wardens’ Post where we some- 
times tell stories of the uses of plastics in 
war, we were recently asked, since Germany 
is so plastics-minded, and since we have 
most of the addresses, why we do not blast 
every German plastic factory to blazes. 

It is probably true that if this were done, 
not another U-boat could move out of 
harbour, not another aeroplane could fly 
and not another tank could be used to full 
effect. This is obvious since the whole 
electrically devised system would break 
down. The same theory could be applied 
perhaps with equal effect if we consider the 
chemical works of that country, for we have 
only to blow up every coal-tar distillation 
plant and we produce almost the same 
results. It is not, however, quite a simple 
job for our pilots, although if we were O.C. 
Bomber Command, our first ‘‘ target for 
to-night ’’ would be something like this: 
‘Now, fellows, the job to-night is old 
Hinkelburgers in  Pickelhaube Strasse, 
Crefeld. You know, the fellow who makes 
those gadgets out of hard cheese. Terribly 
important, for if aeroplanes go up without 
them they can never come down again. 


Now, here’s the map. You go in at 20 ft., - 


first on the left and second on the right 
and in by the back yard. Go to it and 
give him hell! ’”’ 

On the whole, we think Bomber Com- 
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mand is doing quite well as it is and that 
a few German plastic manufacturing con- 
cerns have already received some visiting 
cards from the R.A.F. 


War Badges 


The King has approved the design of a 
war badge to be presented to those civilians 
who have been commended for brave 
conduct in the war. It is the first official 
medal to be made in plastics. 

It has been designed by Mr. Kruger Gray 
(he was also part designer of the George 
Cross) in bronze-coloured plastic. The 
design is a wreath, 14 ins. by { in., contain- 
ing a sword surmounted by .a crown and 
crossed with the words, ‘‘ For Brave 
Conduct,’’ filled with red colour. 


Gone Plastic 


(We have pleasure in reproducing the 
following amusing tit-bit recently published 
in the ‘‘ Manchester Guardian.’’) 

When this war, my lad, is ended 

And the armies disengage, 
There will dawn the Vision Splendid 
Of the New or Plastic Age. 
Plastic furniture and houses 
Will be with us then in force; 
Plastic suits and maybe trousies 
From the same obliging source. 


From the plastic wash on Mondays 
Swirled around in plastic tubs, 
To the plastic golf on Sundays 
With a set of plastic clubs, 
We shall all (unless we’re blinded 
To the chances that we miss) 
Reappear as plastic-minded 
In a plastic isle of bliss. 


Plastic cars to rush around in, 
Plastic beds in which to sleep— 
Every moment should abound in 
Plastic pleasures on the cheap; 
If a golf ball costs a tanner 
(Now you can’t buy one at all) 
It would seem the plastic manner 
Offers quite a hopeful haul. 


So from drabber days and drastic 
Which are often pretty glum, 
Raise a glance that’s more elastic 
To the shape of things to come; 
Fill the beaker (duly plastic) 
With the wine that brings release 
For a toast enthusiastic 
To the plastic days of peace! 
Lucio. 
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Kapok Substitute 


- our May, 1942, issue of this journal 
we replied to an inquiry from the British 
Power Boat Co., Ltd., that while a Kapok 
substitute was possible at that date we 
had no knowledge that such a material 
might soon be available. 

Kapok is a vegetable fibre composed of 
tubular forms which give it lightness and 
high insulating properties. We stated 
that the spinnerets used in making rayon 
or other man-made ‘textiles could be 
altered to give a tubular form or, alterna- 
tively, a method analogous to the pro- 
duction of sponge rubber (that is by the 
introduction in the viscose of air or gas- 
forming compounds) would give useful 
results. 

The new ‘“‘ Bubblfil,’’ now being manu- 
factured by Du Pont’s (which we noted in 
our issue), is of this type.. Because of its 
light weight, high strength, resiliency and 
low thermal conductivity, it may have 
important military applications, such as 
padding for life-jackets and life-rafts; as 
a replacement for kapok in aviation tow 
targets to keep them afloat when shot 
down at sea; as a_ shock-absorbing 
material for mats and cushions in aero- 
planes and tanks, and, when fabricated 
into cloth, as an insulating material for 
cold-weather jackets or flying suits. It 
could also be used in multiple layers as 
the filler for sleeping bags in Arctic 
regions. 

Chemically, this material is essentially 
the same as ‘‘ Cellophane’’ or rayon; it is 
a form of cellulose regenerated by the 
viscose process. The syrupy fluid is 
extruded through a single spinneret hole 
of relatively large size while a small 
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The photographs _ illustrate 
the lightness of ‘ Bubbifil’’ 
and the air cells in the fibre. 


amount of air is injected into it at regular 
intervals just as the filament is coagulated 
by the acid bath in which it is spun. 

As pictured above the finished 
‘* Bubblifil’’ resembles a string of trans- 
parent beads. Both the size and spacing 
of bubbles may be controlled at will. 
Much of the. bubblestrand now being 
made at a pilot plant in Tennessee is ear- 
marked for war uses. Production for com- 
mercial sale must wait until military 
requirements are met. 








** Endeavour ”’ 

The first number of the second volume of 
this beautifully produced review has been 
gratefully received. Published by Imperial 
Chemical Industries it records the progress 
of the sciences in the service of mankind. 
Because of its catholicity, it is fascinating 
to all types of reader. The present issue 
contains ‘‘ The Evolution of the Solar 


System,’”’ by Sir J. Jeans, ‘‘ Mating 
Discrimination in Plants,’’ by K. Mather, 
and ‘‘ The Production of Cancer by 
Chemical Compounds,’’ by A. Haddow. 
An article which is of especial interest to 
some plastics manufacturers is ‘‘ The 
Development and Use of Luminescent 
Substances,’’ by Levy and West, who have 
long made a study of this subject. 
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Welding of Thermoplastics 


Continuing from the February Issue of “ Plastics,’”’ Henning’s 
Dissertation on the Joining of Polyvinyl Chloride by Welding. 
Resistance of Welds to Chemical Attack is here Dealt with, 
Together with the Mechanical Properties of Welded Joints in Tubes 


N the first part of this account 
| castes February issue, p. 53) 

the development of a welding tech- 
nique for polyvinyl-chloride tubes was 
described, together with results of a 
survey of the mechanical properties of 
such welds carried out under different 
conditions. 

In the unwelded state, hard grades of 
polyvinyl chloride exhibit, just before 
fracture in tension, a measurable 
degree of elongation. Welds, how- 
ever, giving a strength varying between 
60 and 95 per cent. of that of the parent 
material show, in general, no appreciable 
elongation. 

For this reason, experiments were 
carried out in an attempt to improve the 
welds by suitable heat treatment, the 
effect of duration and temperature of 
heating being examined, together with 
that of various means of cooling. 

Tests were carried out—on specimens 


without welds; on specimens welded with 
filler rods without plasticizer; on speci- 
mens welded with filler rod containing 
10 per cent. of plasticizer. Short-time 
tensile tests were conducted at 22 degrees 
C. and, as may be seen from Table 1, no 
improvement resulted in the welds. The 
tests undertaken are sufficiently broad to 
show, indeed, that it is doubtful whether 
any form of heat treatment suitable for 
the purpose is likely to be developed. 


Chemical Resistant of Welds 


Characteristic of the hard grades of 
polyvinyl chloride is their extraordinary 
resistance to even the most vigorous 
chemical reagents. It is on this property 
that their application in chemical 
engineering so largely depends. Hence 
it was considered necessary to determine 
to what degree welding affected 
behaviour in this respect. It is to be 
understood that only when a _ welded 
joint exhibits approximately the same 


Table 1.—Heat Treatment Tests on Welded Joints. 














M.T.S. kg. mm.2 
Heat depen me wraeien. % (T.P. 
cooling metho: - Welded; unplasti- | Welded filler rod without weld) 
Without weld cized filler rod with 10% plasticizer 
Material as delivered ; 
without heat treatment 5.9 = — 59.0 
80° Cooled slowly 6.35 4.55 4.25 22.1 
6h. Water quenched 6.35 4.75 4.75 38.8 
80° Cooled slowly 5.55 4.3 5.5 36.6 
24h. Water quenched 5.75 4.5 5.1 40.0 
1300 Cooled slowly 5.85 4.15 4.2 29.1 
ih. Water quenched 5.55 4.65 5.05 33.1 
1300 Cooled slowly 5.9 4.4 5.55 25 
th. Water quenched 5.45 4.9 05 45 
(tract outside weld) | (tract outside weld) 
180° Cooled slowly 5.7 4.15 4.75 37.5 
th. Water quenched 5.4 4.75 4.45 54.1 
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resistance as the parent material can it 
be considered advisable to use the weld- 
ing process at all for chemical plant. 

In its normal state, the corrosion 

resistance of polyvinyl chloride has been 
proved exceptionally high in prolonged 
service tests. For research purposes, 
welds were subjected to conditions of 
attack which may be considered as 
extreme in the case of the unwelded 
material. They were subjected to 
sulphuric acid of 20, 60 and 80 per cent. 
concentration at 45 degrees, 
60 degrees and 60 degrees C. 
respectively; to  sodium- 
hydroxide solutions of 10, 20 and 
60 per cent. concentration at 45, 
50 and 60 degrees C. respec- 
tively; to hydrochloric acid 20 
per cent. and concentrated at 
60 degrees and 50 degrees C. 
respectively; and, finally, to 
nitric acid of 20, 40 and 50 per 
cent. concentration at 40, 50 and 
45 degrees C. respectively. 

Test pieces were cut from 
8-mm. thick sheet and included 
unwelded samples, samples 
welded with unplasticized filler 
rod and samples welded with 
filler rod containing 10 per cent. 
plasticizer. Specimens were 
examined at intervals of 10, 30 
and 100 days to determine the 
appearance of the test piece, 


Fig. 9.—Presented here and on the 
succeeding page is a series of curves 
illustrating. the effect of various 
chemical reagents upon the mechan- 
ical properties—tensile strength 
percentage elongation—of welds in 
a hard grade of polyvinyl chloride. 
The solid line represents properties 
of the control without weld; the 
broken line represents properties 
of the welded specimens (double-V 
weld). In all cases test pieces used 
were cut from sheet 8 mm. thick, 
mechanical properties being checked 
up at intervals of 10, 30 and 100 
days. Tests were carried out, in 
every instance, at room temperature 
and, simultaneously, the visual ap- 
pearance of the attacking solution 
and the test piece was recorded. 


MARCH, 1943 


colour and condition of the test solution 
in which it was immersed, tensile strength 
and elongation of the test piece (at room 
temperature), and bend strength at room 
temperature. 

The strength values in all cases were 
higher where plasticized filler rod was 
used, than where the unplasticized rod 
was employed. Welded areas showed a 
greater tendency to ‘“‘colouring’’ than 
the parent material, this being particu- 
larly true where the plasticized filler rod 
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was used. It was determined, however, 
as in the case of the boiling water treat- 
ment, that the colouring was in no way 
related to alterations in mechanical 
strength. 

Alterations in the general appearance 
of the attacking reagent were the same 
in the case of unwelded test pieces as for 
welded test pieces, whether plasticized or 
unplasticized filler rod was used. Where 
alterations in strength did take place, 
they were practically the same for the 
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cases both of plasticized and unplastic- 
ized rod. Moreover, the course of such 
changes in the weld ran parallel to any 
which occurred in the parent material. 
Actual service tests have shown that 
welded polyvinyl-chloride components 
may be used with perfect safety under 
conditions of reasonable chemical attack. 

To sum up this first part of the account 
it may be said that welded rods con- 
taining 10 per cent. plasticizer are 
simpler to use than the unplasticized rods 
and, whilst exhibiting good 
resistance to chemical attack, 
yield, on the whole, welds of 
higher strength than the 
unplasticized rod. In practice, 
however, reagents may _ be 
encountered which do tend to 
attack welds containing plastic- 
izer, whilst the parent materia) 
and any unplasticized welds 
under similar conditions are not 
affected. In such cases unplastic- 
ized filler rod must be used. 

It is to be expected that in 4 
short while unplasticized filler 
rod will be developed that will 
give results as good as those 
obtained at present with plastic- 
‘ized rods, and in this way the 
need for varying techniques 
will be eliminated and_ the 
possibility of dangerous confu- 
sion obviated. 
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Fig. 9 (contd.).—Curves at extreme 
left, reading from above downwards : 
80 per cent. sulphuric acid at 60 deg. 
C.—unplasticized rod; 80 per cent. 
sulphuric acid at 60 deg. C.—rod 
containing 10 per cent. plasticizer ; 
60 per cent. sodium-hydroxide at 60 
deg. C.—unplasticized rod; 60 per 
cent. sodium-hydroxide at 60 deg. C. 
—rod containing 10 per cent. plastic- 
izer. Adjacent curves at left, reading 
from above downwards : 20 per cent. 
hydrochloric acid at 50 deg. C— 
unplasticized rod ; 20 per cent. hydro- 
chloric acid at 50 deg. C.—rod con- 
taining 10 per cent. plasticizer; 50 
per cent. nitric acid at 45 deg. C— 


ELONGATION 


acid at 45 deg. C.—rod containing 
10 per cent. plasticizer. 
D 
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Welded Joints in Tubes 

The most important semi-manufac- 
tured form of hard polyvinyl chloride is 
that of tubes, in the assembly of which 
welding can obviously play an important 
part. For this reason tests were carried 
out on actual welds in tubes. 

For the purpose of the test tubes of 
26 mm. bore, 32 mm. o.d. were taken. 
Various types of weld were examined. 
In the first case (see Table 2) was the 
butt weld, in the execution of which 
considerable care must 
be taken to ensure that 
welding penetrates 
throughout the depth of 
the joint. Such a weld 
can only be carried out 
with certainty when the 
tube may be rotated dur- 
ing the course of the 
work. 

To simplify the 
problem _ practice fre- 
quently adopts the use 
of a_ small inserted 
sleeve, consisting of a 
section of the actual tube 
which is being welded; 
the bore of the tube is 
prepared for this by 
slight drifting to size. 
Under these conditions 
welding can be carried 
out with the tube in its 
assembled form. (Table 
2, No. 2.) 

A third method con- 
sists in drifting one end 
of the joint to give a 
slip-on fit, as in the case 
of the ordinary adhesive 
joint, welding being car- 
ried out between the edge 
of the drifted portion and 
the body of the tube 
which fits into it. (Table 
2, No. 3.) 

A fourth form em- 
ploys an internal sleeve 
over which fits each 
side of the joint, the 
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junction of the two tubes being then 
welded as before. (Table 2, No. 4.) 
A fifth form employs an external sleeve, 
each end of which is welded to the body 
of the tube (Table 2, No. 5), a method 
which is further varied by butt welding 
the tubes in the first place, machining 
off excess filler rod, then slipping on the 
sleeve which is finally welded in position 
at each end as before (Table 2, No. 6). 
Finally there is the pure butt weld, 
carried out as described in the first part 
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of this account, without the use of filler 
rod (Table 2, No. 7). 

In every case comparative tests were 
made between welded and unwelded 
tubes, examination being extended to 
tensile strength, bursting strength and 
bend strength. In order better to assess 
the strength of the join, the bending tests 
were carried out without any applied 
internal pressure, and with internal 
pressure (water of 2.5 atm). This latter 
test was designed to indicate the 


1 | 





Wt 


Fig. 10.—From left to right: top 
row—tubes welded according to 


spheres internal pressure,specimen 
at right without internal pressure) 
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behaviour of welded tubes of the dimen- 
sions given under their normal working 
pressure, and also to determine where 
unsoundness occurred before the advent 
of fracture. 

As in the case of tests on sheet, bend 
tests were so arranged that loading was 
applied on each side of the joint but not 
on the weld itself. The results of tests 
are summarized in Table 2. 

It will be seen immediately that the 
best junctions are given by those tech- 

niques yielding a weld 
where joining takes place 


actually across the wall 
thickness of the tube (i.e., 
butt welds), and where 
optimum hydrodynamic 
flow in the tube is inter- 


fered with as little as pos- 
sible. Where the method 
of welding adopted tends 
to deflect the flow of 
fluid or gas in the tube, 
unsatisfactory stress sys- 


systems designated in text Nos. 1-7 - 

(see also Table 2), unwelded tube at a ey 
extreme right; second row—tensile 
tests; third row—bursting tests ; 
fourth row— bending tests (left- 


hand specimen with 2.5 atmo- 
i 


caused, hence such 
methods should be 
avoided. 


The strongest and most 
satisfactory weld is 
shown in Table 2 to be 


the sixth type, involving 
first butt welding of the 
tube, followed by the 
shrinking on of an ex- 


ternal sleeve, which in 
turn is welded up to the 
body of the tubes at each 
end. A strengthened 
butt weld of this type 


obviously gives a greater 
factor of safety than the 
plain butt weld of type 
No. 1 in Table 2. Not 
only is the whole job 


stiffened, but any weak 
spots in the butt weld 
are sealed by the sleeve 
and the whole assembly 
is rendered far less sensi- 
tive to pressure or bend- 
ing stresses. 
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In the case of all types of weld, no 
unsoundness was manifested before frac- 
ture under bending loads with simul- 
taneous internal pressure. Bending with 
simultaneous internal pressure gave rise 
to fracture sooner than bending without 
internal pressure. In certain cases, it 
was not possible to cause fracture by 
bending in the absence of internal pres- 
sure. Appearance of the tubes before 
and after welding is shown in Fig. 7. 
Butt welds carried out with filler rods can 

be effected satisfactorily only on tubes of 
' wall thickness 3 mm. and over. 

The welding method discussed here 
achieved rapia success in the plastics 
industry, and has already found applica- 
tions of the utmost value in many direc- 
‘ tions. Equipment needed for carrying 
out this technique does not involve heavy 
expenditure, and, indeed, less than that 
entailed in laying down welding plant for 
metals. 

No immediate and direct comparison of 
seam welding costs for plastics and 
metals can be made. When welding metal 
sheet of any given thickness, it is possible 
to use more massive rods and torches 
giving a higher heat output, whereas, for 
the welding of plastics, the greatest filler 
rod diameter which may safely be used is 
4 mm. For thinner polyvinyl-chloride 
sheet up to, say 5 mm., welding times are 
approximately the same as those for the 
gas welding of steel sheet. Energy con- 
sumption in plastic welding is very low. 
In relationship to prime cost of the maie- 
rial used, welding costs for plastics are 
lower than any hitherto developed system 
for steel sheet. 

Ir the forthcoming part of this account 
practical application of techniques and 
data presented here will be illustrated 
with reference to structural components in 
Vinidur. It may be stated that the pro- 
duction of certain units shown was 
possible only by means of the welding 
method, whilst the use to which the struc- 
tures are put serves to demonstrate the 
properties of the welds. 

As regards corrosion, one special obser- 
vation should be made. Consequent upon 
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Table 2.Tensile Tests on Welded Polyviny| 
Tube 32 mm. O.D., 26 mm. bore (testing 
temperature 22°C.). 











Weld Ne. M.T.S. kg./mm.2 
Tube | | Tube 2 | Tube 3 | Average 

4.25 2.78 4.17 3.73 

2 2:0 5.19 2.34 3.21 
3 A 2.04 2.53 1.89 
4 2.55 2:92 3.54 3.00 

5 1.42 1.45 1.33 1.4 
6 3.6f | 3.58 | 3.72 | 3.63 
7 = = _ 2.90 
Unwelded tube - — — 4.70 

















internal stresses, stress concentrations, 
impurities and structural defects, welds in 
metals (which possess, of course, a true 
crystalline structure) tend to be prone to 
corrosion. This unwelcome phenomenon 
is particularly likely to be found either in 
the welds or in their neighbourhood. It 
is frequently found coupled, too, with 
unpredictable ageing changes capable of 
leading, at times, to dangerously mislead- 
ing conclusions. To overcome these dis- 
advantages, elaborate precautions must 
often be taken, and, indeed, where such 
occurrences have, by experience, proved 
likely, definite .techniques have been 
worked out and materials of special com- 
position evolved in order that difficulty 
may be avoided. In plastics, however, 
assuming compositions of parent material 
and filler rod are suitable, preferential 
corrosion of this type does not occur, 
either in the weld itself or in the transition 
zone. This is indicated by the results of 
the tests shown and by three years’ service 
tests, of actual welded structures. 

It would seem, on the basis of these 
tests, that ageing changes, such as are 
known to occur, do not, at any rate, affect 
the stability or service life of welded 
joints, and unexpected occurrences analo- 
gous to weld decay in certain alloys have, 
so far, not been found in the case of 
plastics. 


(To be continued) 
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World’s Industry 
Employs Plastics 





Extensibility of 
plastic foils forms the 
subject of a report by 


Fescher and Witte 
(‘‘ Kunststoffe,’’ 1942/ 
32/111). Cellulose- 


base plastics, pylons 
and polyvinyl- 
chlorides all find use 
for cable insulation. They are notably 
ductile and present no difficulties in use. 
Polystyrene foils, however, are morc 
brittle and, if merely wound on the cable, 
must not be subjected to undue bending 
or to kinking. Polystyrene cannot, in 
general, be so used on light cable. If 
however, polystyrene foils be fixed to the 
cable by means of adhesives, then, they 
exhibit anomalous ductility, and can be 
used on the lightest gauge conductors. 
The authors describe investigations to 
determine the reason for this unexpected 
phenomenon, and it is concluded that it 
is due only in part to inherent mechanical 
properties of the foil, and more probably 
chiefly to alteration of previously unsus- 








pected factors influencing the non- 
adhering foils. 
TEXTILES 
Artificial leathers 


are comprehensively 
surveyed by Foulon 
in ‘‘ Nitrocellulose,’’ 
1940/11/68. The 
author stresses the 
need for a variety of 
types, corresponding 
as closely as possible, 
in their more obvious mechanical and 
physical properties, to the wide range of 
natural leathers; for example, as regards 





hardness, liability, moisture penme- 
ability and tensile strength. Methods of 
meeting these requirements by use of the 
various impregnating and surface-treat- 
ment media available are discussed, with 
particular reference to bonding media for 
the base, fillers, dyes and plastic finishes 
(particularly nitrocellulose). « Ferrozell, 
Novotex and Lignostoneholz plastics for 
cotton spinning plant are described by 
Ohse, in ‘‘ Zellwolle,’’ 1942 (Fachheft 1), 
p.4. The high wear-resistance and safety 
against breakage of these products is 
noted, together with the sound-damping 
and shock-absorbing qualities imparted 
to gears and driving components in 
machinery embodying such plastics in 
their assembly. The account deals speci- 
fically with spinning equipment, and the 
employment of plastic bobbins, shuttles 
and frame components is dealt with. 


EEE, 
GENERAL ENGINEERING 


Foundry patterns in 
paper and _ textile 
laminates are  con- 
sidered by Barheine 
in ‘‘ Giesserei,’’ 1942/ 
29/117. Such models 
are superior in wear 
resistance to wooden 
models, where many 
moulds must be made from one pattern, 
and, at the same time, enable economies 
to be effected in the use of metal which 
would otherwise have to be employed for 
large mould outputs from a given pattern. 
Easy working is noted as a desirable 
property, and the author cites a variety 
of model types to demonstrate the adapt- 
ability of these media. Effect of prolonged 
heating on impact-bend strength and 
notch-sensitivity of hard paper and textile 
laminates was studied by Brinkman and 
reported in ‘‘ Kunststoffe,’’ 1942/32/213. 
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On continued heating to a maximum tem- 
perature of 110 degrees C., the values 
fall, reaching a minimum which does not 
then vary over very long periods. If 
temperatures above 110 degrees C. be 
employed, however, the values decrease 
consistently, although after a few days 
deterioration is very gradual. Increased 
polymerization and decreased water con- 
tent of the plastics are held responsible 
for the changes observed. Excessive tem- 
peratures, of course, lead to destruction 
of the paper or textile fillers. It is to be 
expected that all mechanical properties 
suffer parallel decline on prolonged heat- 
ing in this way. Feed-worm bearings in 
nitrolime plant, were, in 1937, made in 
plastics instead of metal; Bechtold in 
“* Kunststoffe,’’ 1942/32/190, describes 
the results of five years’ service test. 
Wear for hard textile laminates was less 
than for cast iron and red brass. The 
author points out that, owing to need for 
high rigidity (to avoid bending stresses), 
plastic bearings should not be given 
lengths in excess of their diameter, whilst 
pins and shafts, etc., running in them 
should be as rigid as possible, for the 
same reason. Working conditions on this 
plant were such that hardened journals 
(flame-hardened, for preference) gave 
much better service than untreated jour- 
nals, Particular care is required in those 
bearings where bending stresses are likely 
to be encountered, and the need for suit- 
able redesigning to accommodate plastic 
bearings is implied. Wound-on plastic- 
foil bearing surfaces on shafts, and such 
surfaces built up on bearing housings by 
superposition of thin foils, formed subject 
matter of joint research by the Schafer- 
Pressstoff G.m.b.H. and the DVL. Bear- 
ings so constructed may, it was found, 
be used where high precision is required, 
and where wear must be reduced to a 
minimum. Built-up layers are satisfac- 
tory from thicknesses above 0.2 mm., to 
a maximum (in special cases) of 1.0 mm. 
Swelling phenomena cause no _ interfer- 
ence with plastic masses of this order. 
Clearances of 0.02-0.06 mm. may be 
allowed, no final machining being 
required. According to D.R.P. 712,156 
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(Krupp and Behard), an improved bear- 
ing for cold rolling mills features such an 
arrangement that the roll-neck is borne 
by two plastic masses divided in a hori- 
zontal plane. The housing containing 
the bearing surfaces is closed by a cap 
drilled to take the roll-neck and so 
arranged that a gap is left between the 
bearing block and the inner face of the 
cap to retain a coolant. The cap rotates 
with the roll-neck and where the roll-neck 
passes through the cap, penetration of 
the coolant is prevented by a suitable 
system of sealing. At the rear of the 
housing, which is also closed, and at the 
rear end of the bearing blocks, another 
gap is left, this being connected to the 
gap in front by a series of longitudinal 
holes drilled through the housing. Lubri- 
cant and coolant is supplied under pres- 
sure to the rear of the housing and pass- 
ing through the longitudinal passages is 
removed by suction from the gap in the 
front of the housing. Data of value in 
connection with plastic bearing design is 
contained in a recent report by Nitsche 
and Dober in ‘‘ Elektrotech. Z.,’’ 1942/ 
63/280. The authors examined static and 
impact bend strength for a number of 
plastics heated at various temperatures 
for a period of 200 hours, safe working 
temperatures being defined in terms of 
mechanical deterioration. 


Limitations on 
comb types and sizes 
were imposed on 
May 15, 1942, in Ger- 
many. Injection - 
moulded combs were 
limited to six types as 
regards maximum 
length and weight. In 
celluloid three types of pressed comb and 
four types of sawn comb are permissible. 
Stamping of words or designs on the 
combs, as a separate operation, is for- 
bidden, as is also finish polishing or 
polishing off of flash in the case of 
moulded combs. 
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; € MISCELLANEOUS 


Lacquers for black- 
plate cans for food 
products are briefly 
considered by Thiel in 
““Nitrocellulosé,”’ 
1942/13/6; 31. The 
author draws atten- 
tion to the continually 
diminishing world tin 








. supplies and to the growing importance 


of odourless, tasteless, synthetic-resin- 
base lacquers designed for direct use on 
steel. The phenol-formaldehyde resins, 
especially those soluble in hydrocarbon 
solvents, are of special value. Other 
resin types are also treated, and the need 
for pre-treatment of the steel base by the 
phosphate method, in order to improve 
adhesion, is emphasized. Injection-mould- 
ing plant for nylon-type plastics is dealt 
with exhaustively by Beck and Schaupp 
in ‘‘ Kunststoffe,’’ 1942/32/205. Par- 
ticular attention is paid to the special 
properties of this group insofar as they 
affect injection moulding. The need for 
thorough drying of the material to be 
moulded is discussed, whilst difficulties 
caused by its low viscosity and compara- 
tively short available softening range are 
commented upon. Various types of injec- 
tion nozzles are described, especially a 
new form of variable aperture. Certain 
nozzle forms are automatically adjust- 
able over the injection cycle, and are 
illustrated in the account. Gastrow, on 
p. 210 of the same issue of ‘‘ Kunststoffe,’’ 
describes fully the new Isoma automatic 
injection-moulding plant for nylons. 
Higher operating temperature for these 
materials requires special attention as 
regards metals and alloys for nozzles and 
dies. Shrinkage of plastics during 
moulding is considered by Nitsche 
(‘‘ Kunststoffe,’’ 1942/32/233) in the 
light of dimensional accuracy and toler- 
ance requirements. ‘‘Shrinkage’’ is 
defined as the difference in value between 
the die cavity proper and that of the 
moulded article one day after pressing. 
Shrinkage is to be expressed in terms of 
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percentage of die-cavity value measured 
in the cold state, and is to be distin- 
guished from volume changes consequent 
upon ageing of the plastic, by heating or 
storing. The V.D.1 set up, in May, 1942, 
a special committee to examine these 
problems, and a report will be issued 
when the work is completed. Cellulose 
cyanide, prepared from natural cellulose 
and cyanogen chloride, according to 
D.P.R. 554,781, is discussed by Haller 
and Heckendorn in ‘‘ Helv. Chim. Acta,’’ 
1941/24 (special number), p. 85E. The 
fibrous structure is preserved, only the 
outer layers being converted to the ester 
form. The mechanism covered by this 
patent is compared to that under D.R.P. 
569,020, in which treatment of cellulose 
with allyl chloride or bromide results in 
conversion of the whole fibre. As allyl- 
cellulose swells in xylol, the entire mass is 
thus rendered liable to sweiling in this 
medium. Cellulose cyanide, on the other 
hand, neither swells nor dissolves in 
xylol. Safety precautions in the plastics 
industry are dealt with in ‘‘ Bericht iiber 
die Tatigkeit der Technischen Aufsichts- 
beamtem jin Jahre 1940’’ (DINA 4-64 
pages, with diagrams. Long abstract in 
““ Kunststoffe,’’ 1942/32/112). The 
report mainly concerns description of pre- 
ventable accidents to personnel as a result 
of fire hazards or unsafe handling of 
plant. Fire dangers through static elec- 
tricity are considered, and the value of 
CO, snow extinguishers noted. The use 
of methylene chloride in place of ether in 
laboratories is suggested as a means of 
avoiding fires and explosions due to 
peroxide formation. Care in handling 
solvents is discussed with reference to 
several fatal accidents. Can-seaming 
machine in plastics is described in 
““Verpackung,’’ 1941 / 16/303. As 
opposed to the former metal type, weigh- 
ing 35 lb., the piastic unit weighed only 
18 lb. It is noted particularly that the 
plastic equipment is rustproof, whereas, 
even with the greatest care, it is difficult 
to prevent corrosion of the steel machine 
by fruit juices and the like. The new 
machine is capable of handling cans af 
80, 99 and 113 mm. dia. 
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INQUIRIES AND ANSWERS 


(In Which is Included General Correspondence) 


IMPORTANT NOTICE: If inquirers wish to receive 
replies by post, a stamped and addressed envelope must 
be included in their letter. Unless otherwise stipulated, 
it is understood that the submission of a problem 
to the Editor permits its publication in this journal. 


Plastics for Ships Decoration 

We are making preliminary inquiries 
for post-war reconstruction, in relation to 
the contracts we normally carry out on 
ships decoration, etc. Could you give 
us any information with regard to the 
following :— 

1. The names of any firms which have 
been able to produce any non-flammable 
plastic wall boarding suitable for parti- 
tions between cabins, or for covering the 
walls of public rooms. 

2. On the latest passenger ship built 
in America, called ‘‘America,’’ it 
was stated that fireproofed ‘‘ Marinite ”’ 
was used for this purpose. We shall be 
glad of any information you may have, 
as to this material, or whom it was sup- 
plied by, and where, if any, similar 
material is manufactured in this country. 

WarRING AND GILLOwW (1932), Ltp. 

London, W.1. 


‘* Plastics in Assembled Building 
Structures ”’ 

We notice in your November issue a 
paragraph headed ‘‘ Curtain’ Rails ’’ 
(page 400) in the article ‘‘ Plastics in 
Assembled Building Structures,’’ by G. 
Fejér. This paragraph states that 
““ thermo-hardening rails cannot be bent 
at the overlaps...’ and that “ special 
sections have been produced to overcome 
this difficulty . . . composed of two rails 
instead of one.”’ 

It is true that a two-rail section was 
produced in Germany, but we would 
point out that, although extruded curtain 
rail profiles manufactured by our sub- 
sidiary, Extruded Plastics, Ltd., from 
“ Rockite ’’’ phenolic moulding com- 
pounds cannot be bent on site, they can 
be bent during the manufacturing pro- 


cess and an overlap arranged for single 
track extruded ‘‘ Rockite ’’ curtain rails, 
thereby reducing the cost of providing 
two lines of rails across the width of a 
window when the double line is required 
for only, say, 4 ins. to 6 ins. 


F. A. HuGHEs AND Co., Ltp. 


Works Fire Guards 


The recent Order extending the obliga- 
tions for fire watching in factories to 
women has raised difficulties in connec- 
tion with training. 

In the works of a company of which 
I am a director, long hours and day and 
night shifts will prejudice opportunities 
for training to such an extent that it is 
estimated that at least six months may 
elapse before all those eligible for fire 
watching can be regarded as trained. I 
suggest that use should be made of the 
loud-speaker installations in factories as 
an expedient and as a supplement to the 
statutory training obligations, and that 
short ‘‘ flashes ’’ of instruction should be 
put over daily immediately after the 
‘“ Music While You Work ’’ programmes. 

R. L. A. B. Morten, Director, 
Crystalate, Ltd. 


Coal Research 

I read with much interest your leading 
article on the scheme for the extension of 
the work of the British Coal Utilisation 
Research Association. I feel, however, 
that your views are, to some extent 
founded on a misconception of the true 
position of research in the coal industry. 

It is far from correct to suggest that it 
has taken the war to convince the coal 
industry that ‘‘it may be worth finding 
out something about coal.’’ In fact, a 
considerable amount of research has been 
carried on in the past by the coal owners, 
both collectively and individually. The 
B.C.U.R.A. itself is, perhaps, a compara- 
tively new foundation. In its present 
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form it has been conducting research into 
the behaviour and properties of coal for 
some five years. It must be remembered, 
however, that the B.C.U.R.A. is the 
successor of the Research Department of 
the Combustion Appliance Makers’ Asso- 
ciation, which was set up in 1936 and 
which was, to an appreciable extent, 
financed by the coal industry. A great 
deal of work was done by this body, 
entirely without Government assistance, 
in preparation for the setting up of the 
B.C.U.R.A. Far from helping the new 
Association, the war has actually hindered 
it. Programmes had to be redrafted, 
difficulties of staff and supplies to be 
faced, and, further, the Association lost 
a complete laboratory by enemy action. 

It must be borne in mind that “‘ finding 
out something’’ about coal includes not 
only investigations into the structure of 
coal, but also into its behaviour, both 
below and above ground. The mining of 
coal is by no means a simple operation. 
Apart from engineering difficulties, ques- 
tions of dust, firedamp and so on present 
a situation of extreme complexity. Some 
20 years ago the coal industry set up the 
British Colliery Owners’ Research Asso- 
ciation to deal with research problems 
affecting mining operations which are 
susceptible of general treatment. Its 
work has included investigations bearing 
on the behaviour of coal underground, 
and there has been useful collaboration 
between that Association and B.C.U.R.A. 
in certain problems that are of common 
interest. 

Moreover, very much more has been 
done by individual colliery companies 
than your leading article suggests. For 
example, you do not refer to the work 
of the largest colliery undertaking in the 
country, Powell Duffryn, who, at their 
well-equipped laboratories at Hengoed, 
carry out research on a scale very large 
indeed for a private company. Many 
others could be mentioned by way of 
addition to the list which you give. 

I might add that the immense amount 
expended by the colliery companies on 
the cleaning and sizing of their product, 
while perhaps not strictly to be accounted 
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as research expenditure, is not by any 

means generally appreciated. Much 

work has been done in this connection 
by the Lancashire and Cheshire Coal 

Research Association, which, with a cer- 

tain amount of help from the Research 

Department of the C.A.M.A., has carried 

out an exhaustive size classification of 

coals for the Lancashire Associated .~ 

Collieries. Many District Coal Associa- 

tions have Technical Departments to deal 

with problems connected with their own 
coals. 

One might well agree that looked at 
alone, £1,000,000 in five years might seem 
a ‘‘ woefully small sum to spend on such 
vast _problems.”’ When, _ however, 
account is also taken of the large amounts 
spent on technical developments by 
single colliery companies or groups of 
companies it can be claimed that, in the 
aggregate, the expenditure on research 
and development work in the coal indus- 
try compares very favourably with that of 
other industries. Per ton of coal mined, 
it is probably greater than in any other 
coal-producing country in the world. 

While making these comments, may I 
say that I realize that your article wishes 
us nothing but good? I do feel, how- 
ever, that it is important to give a little 
more credit to the Coal Industry, alike as 
regards past achievements, present 
efforts and future intentions. 

J. G. Bennett, Director, 
British Coal Utilisation Research 
Association. 

{Eprtor’s Note: First let me assure the 
writer that we have only the health of the 
coal industry at heart. Also that 
although we may be misconstruing the 
true position of research in the coal 
industry at least during the past fifteen 
years we have followed with close inter- 
est a very varied type of research ranging 
from Dr. Stopes’s and Dr, Lessing’s work 
and have béen privileged to examine 
most of the modern high temperature 
and low temperature carbonization 
plants in the country and even the first 
experimental coal hydrogenation installa- 
tion at Greenwich. We still maintain that 
the coal owners did very little to promote 
research and indeed, if we are not quoting 


(Continued on p. 138). 
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PLASTIC COLLAPSIBLE TUBES 


War-time Production Foresees Peace-time Needs 


Petersen Celluloid Corporation, the 
Plastics Division of Celanese Corpora- 
tion of America, announces the perfection 
of plastic material that will replace tin in 
the manufacture of collapsible tubes. 

The plastic, a special formula of Luma- 
rith, has a cellulose acetate base and was 
developed after several years of collabora- 
tion with the Celluplastic Corporation, 
formerly the Hygienic Tube and Container 
Company. 

Although it has been producing metal 
tubes, plastics are not new to Celluplastic 
Corporation, it having used them for 
manufacturing many of their products for 
many years. 

In addition to the work in the labora- 
tories of the Celanese Plant in Newark, 
the tubes have had 18 months of testing 
in the laboratories of Colgate and Co., 
Ortho Products, Inc., and Chesebrough 
Manufacturing Co., which have proved 
the plastic more than adequate. As a 
matter of fact, it is tougher than the metal 
tube. Consumer sales tests conducted by 
Colgate and Co. have resulted in satisfac- 
tory acceptance by the public. 

Now ready for the market, the tube will 
not have to overcome any obstacles that 
a radically different design might present, 
because it looks exactly like the metal 
tube and can be squeezed in the same way. 
The plastic tube is lighter in weight than 
the tin and slightly more resilient, hence, 
will not roll into as tight a curl. The 
contents can be used ‘‘to the last 
drop.”’ 

Present production capacity is confined 
to the needs of the three companies men- 
tioned; about 100,000,000 tubes. This 
quantity of metal tubes would have 
required 2,200,000 Ib. of pure tin. At 
present, production prices of the plastic 
tube are slightly higher than the metal 
tube, but this will not increase the pro- 
ducts’ cost to the public. Increased produc- 
tion will lower the price of the tube. Plans 
for expanding are well under. way, includ- 


ing factories in Middle West and Far 
West. 

The tubes are produced by extruding. 
A continuous seamless cylinder emerges 
from the nozzle. The top is capped with 
a shoulder and threaded neck of injec- 
tion moulded plastic (also Celanese’s 
Lumarith) and a phenolic cap is used. 
New machines which will fold and heat- 
seal the flat end are in process. Until 
these are completed the Government will 
permit the use of metal finishing clips as 
on the metal tubes. 





All of the machinery was designed and 
fabricated at the Newark plant of Cellu- 
plastic Corp., as was the special printing 
process. Six months’ time was required 
for the development of ink suitable for 
the polished Lumarith surface. 

The above production is most shterest- 
ing in view of the published information 
regarding similar work in this country. In 
our January, 1942, issue we includeda note 
regarding the work of Herts Pharma- 
ceuticals, Ltd., in this connection. ' The 
main body of the tube consisted of a 
plastic sheet lining protected on the out- 
side by a fabric cover. The cap was most 
ingeniously designed, consisting, in fact, 
of three mouldings: the cap proper, a 
mushroom collar and the threaded nozzle. 
The main tube is held between collar and 
nozzle. 
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Two recent CELLON developments 





LETHANE 
OIL 


PROTECTIVE 
HAND CREAM (No.1!) 





N-butyl carbitol laurate 6.25% 
-thiocyanoethyl laurate 18.75% 
Refined Mineral Oil 15% 


A NEW SPECIFIC FOR THE 
CONTROL OF THE HEAD 
LOUSE 


A field in which the new 
organic thiocyanates are pre- 
eminent on account of their 
low toxicity, lack of odour, 
non-inflammability and trouble- 


free application. 


Possessing anti-dermatitis 
properties. Materially reduces 
the risk of many irritant skin 
troubles which develop on 


the hands in various industries 





where oil, grease, paint and 
other grime is unavoidable. 
The cream fills the pores and 
forms a protective layer. An 
invaluable preparation for 
use by industrial workers in 


Aircraft, Engineering, Ship- 





building and kindred industries. 


FURTHER INFORMATION, SAMPLES AND PRICES UPON REQUEST 


KINGSTON-ON-THAMES 
Telephone : KINGSTON 1234 (5 lines) 
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CELLON COMPANIES cve=4y 
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Plastic Film and Sheet 
for Small Coil Insulation 


A Critical Examination of the Part Modern- 
Plastics Play in this Important Branch 
of Electrical Insulation 


—— coils represent a notable pro- 

portion of the production activities of 
the light electrical engineering industries. 
They include the windings for relays, 
message registers, magnets, bells, etc., 
and induction, retard, transformer and 
choke coils in general. These windings 
generally use fine-gauge wire, thickness 
commonly down to 47 SWG and often 
to smaller sizes. The wire mainly 
employed is enamel-covered copper, but 
may be textile insulated (cotton or silk) 
or textile and enamel covered. Coil con- 
struction necessitates thin sheet insula- 
tion for several purposes, dependent upon 
the design of the coil; that is, some or all 
of the following may be required :— 

(a) An insulating lapping to isolate the 
winding from the core. 

(b) Cheek washers not only to separate 
the winding from the cheeks of spools, 
but also to isolate lead-out wires from 
one another. 

(c) Insulating lappings between wind- 
ings when several windings of the 
“sandwich ’’ type are applied super- 
imposed on the same coil. 

(d) An outer covering over the com- 
pleted winding. 

(e) An insulating covering for all joins 
made within the winding itself, such joins 
comprising soldered junctions at breaks 
in the wire or at connections to heavier 
lead-out wires. : 

This is shown diagrammatically in 
Fig. 1. 

The small coil is an essential link in 
light electrical systems. The latter 
include all forms of communications, 
telephone, telegraph and radio. They 
also embrace all types of electrical con- 


by E. E. HALLS 


trol, viz., remote control equipment in 
general, railway signalling systems, pyro- 
metric and electrical metering apparatus 
of all categories. The functioning of 
important networks or plants, not neces- 
sarily in themselves electrical, is fre- 
quently dependent entirely upon the 
correct operation, and continued oper- 
tion, of one or more small coils. Initial 
correctness can always be safeguarded by 
inspection tests, but continued accuracy 
is a matter of robustness of design, 
efficiency of materials embodied and pro- 
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Fig. 1.—Insulation of small coil: A, outer 

cover; BB, two cheek washers ; C, Inter- 

leaving between two windings; D, core 

cover; E, metal core with knurls to hold 
cheek ; F, cheek. 


cessing to which subjected during manu- 
facture, all in relation to _ service 
conditions to be encountered. Year by 
year much progress is made in light elec- 
trical engineering, and small coil design 
has to keep pace with the advances made. 
It is noteworthy that these are almost 
invariably in the direction of demanding 
more and more from the small coil. 
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Generally, this means the same output 
from a smaller coil or a larger output 
from one of the existing size. Tech- 
nically, greater insulation value, ability 
to withstand higher operating tempera- 
ture or resistance to a wider range of 
atmospheric conditions may one or all be 
demanded. All circumstances  con- 
sidered, it is doubtful if the ideal 
insulant will ever be established, because 
requirements enforced by development 
change so rapidly in the direction of 
greater severity, that the electrical 
engineer will always be demanding some- 
thing better. 

War conditions have by no means pro- 
vided a rest or marking-time period to 
electrical development engineers. In fact, 
the resultant condition of affairs is very 
much the reverse, because electrical com- 
munications have proved themselves the 
nerve-centre of battle movement, whether 
in the air or on the land or sea. Con- 
tinual contact with the advance fighting 
elements for the transmission and recep- 
tion of information upon fast-moving 
conditions can only be obtained with 
efficient short-wave radio equipments. 
These have to be compact for space 
reasons, and _ robust to withstand 
mechanical wear and tear, while electrical 
design entails a mass of problems con- 
cerning materials and finish to ensure 
that no breakdowns ‘result from service 
conditions of .temperature, humidity, 
dust, etc. Strategy and tactics fail with- 
out communications, and upon more than 
one occasion major encounters have been 
lost due to failure in this respect. 

If the position to-day with respect to 
small coil insulation were examined, it is 
felt that the result would be a disappoint- 
ing one, at least to those concerned with 
plastics, and particularly plastic foils and 
films. Small coil insulation is one of the 
few directions in which modern materials 
have not been exploited, at least in this 
country, in any way approaching the 
extent that they deserve. Treated paper 
and textile materials, varnish and wax 
impregnations, are still employed in much 
the same manner that they were 10 and 
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20 years ago. True, improvements and 
developments have occurred with these 
materials and processes, but, in principle, 
practice is unchanged and relatively few 
instances can be recorded where a funda- 
mental breakaway from tradition has 
been made. In America some five to 10 
years ago, steps were taken to redesign 
small coils such as relays and induction 
coils to use cellulose acetate insulation, 
the redesign being undertaken to take 
care of the shortcomings as well as to take 
advantage of the merits of this material. 
Similar activity was noted on the Con- 
tinent, but little has come to light in this 
this country to date. 
Undoubtedly there are good reasons for 
this disappointing state of affairs, and two 
of the chief are quantity production and 
economics. War conditions have enforced 
less.consideration to the second of these 
factors and more to production of the item 
required with real serviceability. There 
are indications that the post-war attitude, 
particularly where expensive equipments 
are involved, will give more attention to 
serviceability and less to economics. 
Small coil production should fall within 
this sphere of thought, because individual 
coils use little material and therefore 
material cost per coil is not influenced 
much even if increased ten or twenty-fold. 
Moreover, plastics enable so many short- 
comings in the usual papers and fabrics 
to be overcome, that even this increased 
expense can be offset. 

The principal qualities required in the 
paper, film or sheet material for small 
coil insulation may be briefly summarized 
as under :— 


1. Inertness and Non-corrosive Character 


Chemically, the material must be inert 
and stable. This refers not merely ‘to the 
material sampled and assessed as such, 
but also to it, and its behaviour, under 
all service conditions. The latter will 
include fluctuating temperatures (due to 
the heating effect of the coil when operat- 
ing, or due to ambient conditions), 
fluctuating humidities with ~ possible 
moisture condensation, and _ electrical 
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potentials with the possibility of current 
leakage. Therefore the material itself 
must not be acidic or alkaline and it must 
not contain process chemicals retained 
from its manufacture; nor must it develop 
corrosive chemicals by itself decomposing 
slowly even to a small extent over a long 
period of time. Again, it must not be 
appreciably absorbent to moisture in 
humid atmospheres. Otherwise, direct 
chemical corrosion when in contact with 
metals, or electrolytic corrosion or current 
leakage under the influence of electrical 
potentials, is prone to occur. 


2. Stability 


Apart from chemical stability for the 
avoidance of forming corrosive ingre- 
dients, chemical stability for the main- 
tenance of physical and mechanical pro- 
perties is, in some directions, imperative 
and in others at least desirable. The 
material must not age and become 
embrittled, cockle or distort. ‘It is essen- 
tial that it shall not deteriorate with a 
resultant depreciation in electrical proper- 
ties. It is desirable that it should retain 
its dimensions, »neither shrinking nor 
expanding. 

Deterioration in paper and textile base 
materials is largely a function of retained 
chemicals, particularly acids, which, 
under warm conditions, gradually ‘‘ rot ’’ 
the cellulose fibre, causing loss in strength, 
increase in corrosion propensities, and 
decrease in electric strength. In plastic 
films changes may be largely due to loss 
of plasticizers, either by volatilization or 
by actual oozing, but can also be 
accounted for by the gradual releasing 
of mechanical stresses in the film or by 
structural movement of an expansional or 
contractional nature of the gel or crystal 
structure in the material itself. 


3. Electrical Characteristics 


Known electrical -values are highly 
important, that is, electric strength, 
insulation resistance, power loss. These 
should be ‘‘ constants ’’ known for each 
ot a range of variables, that is, tem- 
peratures, humidities, cycles. With the 
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older insulating sheet materials (that is, 
paper and textile base types) the order 
of the value of these quantities is known 
under some condition but certainly not 
under a comprehensive range of vari- 
ables. They are not always easy to deter- 
mine, but experience with plastics indi- 
cates that the time will come when they” 
can be quoted within reasonably close 
limits. This obviously means a lot in 
design work, particularly as designs 
become smaller and smaller and duties 
more arduous. Factors of safety can then 
be allowed with certainty, and intentional 
designs with unnecessarily wide safety 
margins can be avoided in just the same 
manner as those hazardous designs which 
rely on every favourable condition in ser- 
vice for their success. 


4. Mechanical Strength 


In general, a high tensile strength 
material is required, although in practice 
good resistance to bursting and to tear is 
perhaps more important. Excessive 
elongation is not generally desirable, but 
some degree of flexibility, and what may 
most aptly be described as limpness, is 
necessary. This is essential for the close 
lapping of the material around cores and 
windings, and to permit of fine leads 
passing between the washers. Excessive 
stiffness gives unnecessary bulkiness and 
uneven windings, and causes breakage of 
fine wires. It also causes tearing of the 
insulation at edges, a fatal shortcoming 
as it introduces leakage paths. The var- 
nished fabrics and bituminized papers 
meet these requirements admirably. So 
do the polyvinyl-chloride and Potythene 
plastics, but cellulose acetate tends to be 
short of the degree of essential limpness. 


5. Thickness 


Availability in a range of thicknesses 
to specified limits is a necessary feature. 
The limits need not be unreasonably 
close but become more important as the 
thickness decreases. Thicknesses in paper 
and textile base materials generally used 
to-day are 0.005 in. to 0.010 in. for 
washer materials, and 0.003 in. to 
0.005 in. for coverings and. interleavings, 
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except for full interleaved windings, 
which use 0.001 in. In cellulose acetate 
they are 0.005 in. to 0.010 in. for washers, 
0.002 in. to 0.003 in. for coverings and 
interleavings, and 0.0005 in. to 0.001 in. 
for fully interleaved windings. Plastic 
films can usefully be thinner than paper 
*and textile base materials by virtue of 
their higher and more assured’ electrical 
values, as well as freedom from pinholes 
and porosity. A range from 0.0005 in. to 
0.010 in. would be useful, and a few 
thicknesses within this range could™be 
standardized. 


6. Permeability 


The material must be manipulable in 
a homogeneous one (that is, one not 
dependent upon a base matrix filled by 
impregnation or covered by a coating of 
varnish or such-like property-improver). 
It should be free from porosity or pin- 
holes, these being lines of electrical weak- 
ness. In some instances impermeability 


to moisture vapour is advantageous. 


7. General Manipulability 


The material must be manipulated in 
fabrication processes and in application. 
Regarding the former, processes involved 
are all simple ones. They involve blank- 
ing, forming and cutting, usually by 
means of guillotine or circular cutting 
tool. Operations have to be speedy and 
capable of achievement in the coil 
winding department itself. No troubles 
are experienced here generally, except 
with forming, to which the plastics 
respond, but which is not applicable to 
paper and textile base types. 

Manipulation in application refers to 
the ease with which washers can be 
assembled on cores, core coverings 
assembled snugly and anchored, leads 
taken between washers, windings auto- 
matically applied at high speed without 
washers sagging or ‘‘ bowing’’ inwards 
to be caught in the winding, interleavings 
inserted tightly, and outer coverings 
neatly applied and cemented if necessary. 
Each type of material has its own prob- 
lems. In general, cellulose acetate is a 
little too stiff to be as manipulable as the 
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paper and textile base materials, but 
polyvinyl-chloride and polythene films 
give very good results and are commented 
upon most favourably by the practical 
people. 


8. General Commercial Aspect 


The material must be readily available 
with short delivery periods. Quality 
must be uniform throughout individual 
batches and from parcel to parcel. User’s 
requirements of quantity, form (that is, 
sheet, strip or roll), sizes (that is, width 
and length as well as thickness) must be 
catered for within reason. Cost should 
be stabilized, not necessarily at competi- 
tively low levels, but with safe prices that 
enable engineers to standardize upon one 
or several suitable materials without find- 
ing that small-quantity jobs are forced 
out of consideration by unreasonable 
prices. 

It will be seen that the group of paper 
and. textile, insulating materials which 
might be regarded as the natural class of 
compounded products do not by any 
means fulfil the criteria briefly 
enumerated. As a whole they are not 
sufficiently inert, non-corrosive, stable or 
electrically homogeneous, and they do not 
fully satisfy the range of thicknesses 
required. The varnished papers and 
cambrics are corrosive, particularly in the 
presence of moisture. This is especially 
marked at cut edges, e.g., along the 
junction of lappings, giving lines of weak- 
ness at which corrosion of windings is 
often marked. Corrosion propensities 
increase with time as the varnish ages. 
Some varnishes are superior to others, 
particularly those having a china wood 
oil base, and, again, black varnishes in 
which a portion of the gum or resin is 
replaced by a ‘bitumen such as gilsonite 
asphalt. Bituminized papers have 
proved the best substitute for varnished 
cambrics, silks and papers. The bitumen 
needs to be a highly refined one of low 
sulphur content, the paper a chemically 
neutral Kraft or cable insulating paper, 
and the impregnation to have been 
efficiently executed. The _ insulation 
resistance and electric strength of such 
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material is inferior to that of the var- 
nished products, especially in damp situa- 
tions. Also, corrosion is still encoun- 
tered; this is often attributed to the 
presence of sulphur compounds in the 
bitumen. Breakdowns due to this corro- 
sion are most notable when there is a 
potential between winding and core, with 
the latter earthed, so that an electrical 
leakage from coil to frame accelerates 
corrosion. _ 

The plastics at present available go a 
long way towards satisfying the essential 
requirements. They possess very high 
electrical values even under damp condi- 
tions and contain no leakage paths akin 
to the fibres in paper and textile. The 
principal one exploited, as already indi- 
cated, is cellulose acetate, and this is 
inert and neutral, so that corrosion pro- 
pensities are entirely eliminated. Much 
effort is going on towards producing dry 
coils (that is, without impregnation) of 
all-cellulose-acetate insulation, that is, no 
weak spots of potential moisture reser- 
voirs such as textile coverings on wires, 


paper-covered joints, etc. Lack of dimen- 
sional stability of this material is not 
viewed favourably, although this feature 


alone would not preclude its use. Insuf- 
ficient limpness renders shop manipula- 
tion difficult and causes troubles from 
splits or tears at edges. Work has been 
done on other plastics, therefore, particu- 
larly the flexible polyvinyl chlorides and 
polythenes. The first of these groups to 
date has not gained much way because 
it often exhibits dimensional fluctuations, 
under varying conditions of heat and 
moisture, similar to those experienced 
with cellulose acetate. Again, chlorine- 
containing materials, particularly those of 
unsaturated constitution, are not 
favoured in delicate coil construé¢tion. 
Too’ many experiences of failures with 
chlorinated solvents (e.g., trichlorethy- 
lene, carbon tetrachloride) and waxes 
(chlorinated naphthalene synthetics) 
have been reported due to slight decom- 
position into, ultimately, hydrochloric 
acid. Engineers, therefore, are prone to 
suspect even solid film-like dielectrics of 
the same phenomenon. Admittedly, 
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laboratory tests have failed to produce 
failures from this source under artificial 
conditions, but negative results are not 
always .accepted as a positive answer. 
Polythene is, therefore, being given much 
more attention, although it is only 
recently that medium-thin films have 
been available. The indications are, 
however, that, in the near future, these 
will be available. Further, when the war 
situation is cleared and “‘ priorities ’’ 
eliminated, new applications for poly- 
thene will.be anxiously sought as an out- 
let for production from plants already 
established. 


Assessment by Tests 


Available and future possible materials 
can and are being assessed by means of 
recognized standard mechanical, chemi- 
cal and electrical tests, as well as by 
accelerating ageing tests. The latter have 
to be designedly of a relatively mild char- 
acter, otherwise they are not sufficiently 
discriminating, and differences or changes 
scught are apt to become obscured. 
Similarly, tests are being made upon 
wound coils. In illustration of some of 
the points outlined, in the attached 
tables is given the behaviour of plastic 
film materials of several types, and from 
several sources, under ageing tests, ex- 
tended up to a period of 12 months. The 
tests comprise the following :— 


(a) Complete immersion in distilled 
water at laboratory temperature. 

(b) Exposure to dry oven heat in a 
uniformly controlled electric oven at 
60 degrees C. 

(c) Subjection to fluctuating condi- 
tions of temperature and humidity in a 
closed cabinet. In this a one-day cycle 
consisted of a day temperature of 55-60 
degrees C., with a humidity of 65-75 
per cent., cooling down at night to 
laboratory temperature with a rise in 
humidity to 100 per cent. and moisture 
condensing on all specimens. The 
humidity was obtained from trays of 
water in the base of the cabinet, and 
temperature was attained by means of 
electrical heaters controlled with vari- 
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Fig. 2.—Effect of water immersion upon 


plastic films. 


able resistances outside the 


Change in length. 


cabinet. 


Uniformity of conditions was attained 


by means of a fan. 


The behaviour of specimens under 
each set of conditions was followed by 
dimensional measurements in length, 
width and thickness, by weight changes 


and by fluctuations in 


strength. 


bursting 


Table 1 summarizes the water immer- 
sion results, Table 2 the dry heat tests 
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Fig. 4.—Change in thickness of film on 


immersion. 


results, and Table 3 the effect of fluctu- 
ating temperature and of humidity. 

The materials covered by the test 
included two samples of polythene film 
which has recently become available in 
thin thicknesses, and which is not neces- 
sarily the final commercial answer in 
these thin gauges. They included cellulose 
acetate of different thicknesses from dif- 
ferent sources. For example, samples 
Nos. 3, 4 and 5 were of Continental origin 
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RUBBER INTO PLASTICS 


Cups for collecting Latex from rubber trees have, of course, been 
made of many materials—cocoanut shells, metal, glass, earthenware. 
The interest in this new Latex cup, which is a very simple mould- 
ing in Beetle produced for The United Africa Company, Ltd., lies in 


the strange reversal of circumstances which have called in synthetic 





plastics to help production of one of the oldest of natural plastics. 


BRITISH INDUSTRIAL PLASTICS LTD * ONE ARGYLL STREET - LONDON wi 
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BELL TELEPHONE LABORATORIES USE THIS 


12-01. H-P-M PLASTIC 
INJECTION MOULDING PRESS 


TO OBTAIN ACTUAL PRODUCTION DATA FOR 
THEIR NEW THERMOPLASTIC TELEPHONE PARTS 


Shortage of metal has demanded 
intensive development work on 
thermoplastics as substitute 
materials for telephone parts, in- 
cluding such complicated forms as 
the combined set housing. To 
carry on this experimental 
programme the more effectively, 
Bell Telephone Laboratories have 
recently installed an H-P-M 
injection moulding press. 


Perhaps your products can be 


moulded. May we help you to 
plan your production? 


e COVENTRY® ENGLAND e@ 


LONDON BRISTOL BIRMINGHAM 


MANCHESTER 


LEEDS 


GLAS 


GOW NEWCASTLE 





MARCH, 1943 


as used for electrical insulation. Samples 
Nbs. 6, 7 and 8 were: special electrical 
cellulose acetate film materials of British 
manufacture. Sample No. 9 was a 
British material intended for electrical 
purposes, but intentionally of a more 
flexible nature, and heavily plasticized for 
that reason. Sample No. 10 was included 
for comparison, being a cellulose acetate 
foil of British origin, but representing one 
of the normal materials produced for 
packing purposes. The remaining samples 
were of the polyvinyl-chloride films, 
No. 10 being from one source, and Nos. 
11, 12 and 13 from another source. It is 
difficult to obtain an overall picture from 
the values presented without rather 
tedious detailed study and, therefore, 
they have been reproduced in Figs. 2-16 
inclusive. 
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Fig. 5 (above).—Immersion of 
film—change in weight. 





Fig. 6 (left).—Effect of immer- 
sion on bursting strength. 
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- Fig. 7 (below).—Effect of dry 
heat on weight ‘of plastic 
films. 
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Figs. 2-6 cover the water : 
absorption tests showing the 
changes occurring in length, 
width, thickness, weight and 
bursting strength respec- 
tively. Figs. 7-11 cover 
the heat test similarly, and 
12-16 refer to the humidity 
test results. 


(To be continued) 
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(Note: Owing to lack of space 
Figs. 8-16 are held over until 
the April issue, in which the 
author discusses the results in 
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Resin Laminated | 
Densified Wood 


The utilisation of densified woods grows apace 
not only for electrical work but for mechani- 


cal structures in many branches of engineer- 


By A. E. L. Jervis 


ing. Data regarding mechanical properties 
are essential to users of such material 


HE interest in laminated densified 

wood is on the increase and much pub- 
licity is being given in both technical and 
national journals to laminated woods 
bonded by means of both thermoplastic 
and thermosetting resins. 

One reference, for example, deals with 
the work carried out by two engineer- 
ing students of the Carnegie Institute of 
Technology. These students constructed 
a wooden bridge girder from multi layers 
of plywood. The report goes on to say 
that they constructed this girder as a 
thesis problem, having in mind the idea 
that laminated wood might take the place 
of steel in bridges and aeroplane hanger 
roofs. The laminated wood girder was 
demonstrated before industrialists and 
lumber men and was described by onc 
authority as being as safe as steel. 

While much interesting work, such 
as is indicated by the foregoing, is 
being carried out, yet it is a remark- 
able fact that although the technical 
characteristics of metal can be found in 
almost any textbook, the technical 
characteristics of laminated densified 
wood are known only to the very few. 

The purpose of this short article, there- 
fore, is primarily to draw attention to the 
main characteristics of laminated wood, 
to state a few reasons for its popularity 
and to make a few brief references to its 
manufacture. 

Different manufacturers, of course, 
claim different technical characteristics, 
and it must, therefore, be stated that the 
figures given in this article refer to 
““normal Jabroc,’’ manufactured by 


Messrs. 
Ltd. 

The word ‘‘ normal ’’ is used deliber- 
ately, because really extravagant techni- 
cal characteristics can be obtained on 
laminated densified wood which, for 
normal purposes, are not necessary. The 
word ‘‘ normal ’’ is also used to imply 
that the laminated densified wood is pro- 
duced by pressure in one direction. This 
point is made because it is possible to 
densify both solid and laminated wood by 
pressure from all directions, although this 
method for various reasons is not used 
extensively. 


Moulded Components (Jablo) 


Reasons for Popularity of Densified 
Wood and a Few Applications 


In the first place, for example, by 
doubling the density of certain woods, it 
is possible to treble the mechanical char- 
acteristics. Next, ordinary timber is very 
unstable. It is liable to absorb a lot of 
moisture, liable to warp, liable to rot, etc. 
It tends to split down the grain under 
certain conditions of stress. 

Laminated densified wood was, of 
course, first used in the form of plywood, 
which is a very common or garden appli- 
cation, but with the advent of better 
bonding media and more scientific con- 
trol of manufacture, it was found good 
enough for use in aeroplane propellers. 
This is, perhaps, the highest use to which 
improved wood can be put. 

Jabroc improved wood first became 
popular for its use in the ‘‘ Jablo Propel- 
ler.’’ Within recent years it has been 
found useful for the manufacture of 
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various kinds of tools used in aircraft 
production. Messrs. Moulded Com- 
ponents (Jablo) Ltd. in addition to 
supplying Jabroc raw material, have a 
staff of several hundred aircraft tool- 
makers working exclusively on _ tools, 
which comprise :— 

1. Drill jigs. 

2. Routers. 

. Press tools. 
. Profile plates. 
. Bending blocks. 

6. Templates, etc., etc. 

Another very interesting application of 
Jabroc is its use in fan blades. 

A few of the reasons for the popularity 
of this and other forms of laminated 
woods are :— 

1. Lightness. 

2. High strength/weight ratio. 

3. It has good moisture, acid and 
insect-resisting characteristics. 

4. It can be manufactured in a few 
days. " 
5. It is easier to work than metals, 

and articles made from it can be modi- 
fied at will. 

6. It conserves the metal resources 
of the country. 

7 It can be “worked ’’ by wood- 
workers (metal workers are very 
scarce). 


Tensile and Compressive Strengths of Normal- 
grade Jabroc in Various Densities. 


(a) Tensile strength. 





Specific 
gravity 


Ultimate tensile 
strength (U.T.S.) 





08 20,000 Ib./sq. in. 
0.9 23,000 Ib./sq. in. 
1.0 25,500 Ib./sq. in. 
1.1 28,000 Ib./sq. in. 
1.2 30,000 Ib. /sq. in. 
1.3 32,000 Ib./sq. in. 
1.4 34,000 Ib./sq. in. 








(See Graph |.) 
This table indicates that 
- U.T.S. 


—— 
Sp. gr. 26,000 
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This compares favourably with steel 
where: 


U.T.S. 80,000 
Sp.gr. 7.8 
(b) Compressive strength. 


= 10,300 





Specific 


Ultimate compressive 
gravity 


strength 





0.9 14,500 Ib./sq. 

1.0 16,500 Ib./sq. 

1.1 18,000 Ib./sq. 

1.2 19,500 Ib./sq. i 

1.3 21,000 Ib./sq. i 

1.4 22,500 Ib./sq. 
(See Graph 2.) 


Again, this shows that, weight for 
weight, the densified wood is almost twice 
as strong as M.S. 








Compressive strength 
Specific gravity 
MS. .Compressive strength a 65,000 

Specific gravity 7.8 


Jabroc : 





= 16,000 





= 8,300 


Young’s Modulus of Elasticity of L.D. Wood 
in Various Densities. 





Specific 
gravity 


Young’s modulus 
E = 106 (Ib./in.2) 
0.9 2.8 

1.0 3.1 

1.1 3.35 

1.2 3.5 

1.3 3.7 

1.4 3.85 


(See Graph 3.) 











Shear Strengths of Normal-grade Jabroc: 
in Various Densities. For Three Mutually 
Perpendicular Axes. 


It is always difficult to grasp the significance of the 

shear strengths of laminated wood without the aid 

of a sketch. For this reason the following three 
sketches are given. 





Specific 


gravity Shear strengths (Ib./sq. in.) 





Plane of 
shear: 


fs [P | fs" 





2,000 
2,200 
2,400 
2,600 
2,850 
3,050 


2,900 
3,200 
3,500 
3,850 
4,200 
4,500 














(See Graph 4.). 
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Modulus of Rigidity, at 45° to Grain of 
Shear Panel. 


(Note: Veneers can be arranged to suit particular 
strength requirements, such as diagonal veneers’ in 
shear panels.) 





Specific Mod. of rigidity 
gravity C + 105 (Ib. /sq. in.) For comparison, the value of C is given 
below for two natural woods:— 

Agh ... .» 0.15 x 106Ib./sq. an. 


Mahogany ... 0.10 x 106 Ib./sq. in. 





0.9 0.725 
1.0 0.80 
1.1 0.875 
1.2 0.95 
1.3 1.02 
1.4 1.10 








(See Graph 5.) 


Laminated Densified Wood compared with a few Natural Timbers (Ash, Oak, Beech, Spruce), 
also with Dural and Steel. 





Material ‘ie ‘its Ash Oak Beech Spruce Dural Steel Laminated wood 





Specific gravity ee a7 8 75 48 2.8 495 o 1.3 
Tensile strength .. | 15,000 13,250 18,000 56,000 78,000 | 23,000 32,000 
Compressive strength 7,000 5,800 9,000 56,000 65,000 14,500 21,000 
Young's modulus... 1.7 1.5 1.9 10.1 30 2.8 3.7 
Shear strength* ms 1,200 3,900 2,140 35,000 50,000 4,550 7,000 
Shear strengtht oi 800 1,080 1,250 800 oe _ 3,100 4,100 





























Note: (1) All strengths are ultimate stresses in Ib./sq. in. (2) Young's modulus given as E ~ 105 Ib./sq. in. 
(3) * Denotes shear strength perpendicular to fibres. (4) + Denotes shear strength parallel to fibres. 


Normal-grade L.D. Wood compared with a few Metals. 





Specific Weight U.T U.C.S 


Material gravity per cu. ft. Ib. sq. in. Ib./sq. in. 





GQuetee.. « .. « 8.6 536 Ib. 24,000 30,000 
Cast gunmetal... 8.5 532 Ib. 32,000 20,000 
Structural steel .. ie ‘3 7.8 486 Ib. 60,000 60,000 
II ute ie = om 7.3 454 Ib. 3,500 6,000 
ae 7.2 449 Ib. 15,000 80,000 
Cast aluminium... 2.55 159 Ib. 15,000 12,000 
ae 1.4 87 Ib. 34,000 23,000 




















Note: U.T.S. = Ultimate tensile strength. U.C.S. = Ultimate compressive strength. 
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CBR 
oeemOres = cs ORE 
BEARINGS 


Bronze of cellular structure 
impregnated with lubricating 
oil. The pores within the metal 
act as oil reservoirs supplying 
a continuous film of. oil to the 
bearing surfaces to meet the 
requirements of speed, load and 


general running conditions. 
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« 
Doing 
a 
the job! 


It is not always a question of metal 
substitution. Plastics correctly adapted 
may be the right material for the job. 
Save those machining operations. Have 
it moulded by :— 


SLOUGH, BUCKS Telephone: stough 22349 





Srll Vision 
FLAT-TOP SUSPENSION FILING We 


Instal Shannograph for accu- 
rate filing, 20%-30% faster. 
Folders hang, cannot slip or 
ride. Flat-top, full vision 
indexing permits instant 
location, infinite variety of 
indexing and fixed or movable 
signalling on the Visible Edge 


“< ‘ SQ 3 
for Works Progress, Contract 
Nn Progress, etc. Frames fit any 
annon standard filing cabinet or 
deep desk drawer. To comply 
with Paper Control Order 48, 


IMPERIAL HOUSE (Dept. E.6), 15-19, KINGSWAY, LONDON, W.C.2 please send \d. postage stamp 
And at Birmingham, Bristol, Liverpool, Manchester, Newcastle, Glasgow (Agent) | 1°” /<a/let. 
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SPECIEIC GRAVITY. Pa Graph 2. 
Graph 1. 
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SPECIFIC GRAVITY ——> 
Graph 3. Graph 4. 


Moisture Absorption Tests: Corresponding curves are also plotted 
for a natural wood sample and for a 
Sample ww. c D plywood sample (see Graph 7). 

Specific gravity .. 0.9 1.4 








Normal L.D. Wood 


In this article the word normal is used 
1 15 11.5 deliberately and it is intended to convey 
the impression of a laminated wood 
pressed in one direction only and having 
tensile and compressive strengths approxi- 
* For intermediate values see Graph 6. mately equal to those of cast gunmetal. 


Period of immersion Increase in 
in days weight % 





2 18 13 
a 23 15 
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SPECIFIC GRAVITY ———> 
Graph 5. 





07 08 09 40 ti 12 13 14 


Graph 7. 


(Note: Laminated wood, density 
= 87 Ib./cu. ft. 


Cast gunmetal ... ... 532 Ib./cu. ft.) 


Variation of Moisture Absorption with 
Density: 

Many tests seem to indicate that 
moisture absorption approximately varies 
inversely as the specific gravity of the 
product as shown in Graph 7. 

The curve plotted corresponds to an 
immersion of 24 hours in distilled water 
at ordinary temperatures. 
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im 





cs 
PERIOD IN DAYS ———> 
Graph 6. 


Variation of Moisture Absorption with 
Pressure and Resin Content. 








Water Resin 
absorption | Pressure content Thickness, | Specific 
after 24 | Ib./sq. in. ™ ii inches gravity 
hours, % 
1.45 1,200 55 .067 1.36 
5.4 500 55 .063 1.97 
5.8 1,200 40 .048 1.27 
8.5 500 40 .053 6.05 

















Methods of Manufacture: 


These improved woods are built up 
from a series of laminations or veneers 
of chosen woods, which are afterwards 
bonded together in large hydraulic 
presses under great pressure and heat by 
means of resin impregnation. The use of 
veneers in building up L.D. Wood, with 
many different layers arranged in different 
ways, according to the use to which the 
finished product is to be put, makes it 
possible to select the good veneers and 
reject the faulty ones, thereby producing 
a final homogeneous material. 

Various types of timber can _ be 
employed for the building up of L.D. 
Wood, amongst them being birch, beech 
and mahogany. As _ bonding agents 
either resins or glues may be used, and 
several of these have been specially pro- 
duced by the British chemical industry. 
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X-RAY INSPECTION 
EQUIPMENT FOR THE 
PLASTICS INDUSTRY 


SIMPLE - SAFE - ECONOMICAL 


Non-destructive testing by X-rays is as modern as the science of 
plastics itself. As a simple routine measure it has solved the 
inspection problems of an increasing number of industries. View- 
ing under X-rays leaves nothing to chance. Defects which would 
otherwise be hidden are quickly and clearly revealed. To meet the 
vital needs of today quality control by the X-ray method is 
something to be investigated. 
Write today for particulars of the 
“MACRO 100 ”’ industrial X-ray 
unit and its application to the 
examination of plastic mouldings 
and assemblies. 


* QUICK DELI 





















PHILIPS “MACRO 
100’’ Industrial 
X-Ray Unit. Trans- 
portable, flexible & 
and economical to 
run. Simplified 
model available for 
conveyor belt work. 
British made 
throughout. 


Radiograph of mould- 
ed assembly showing 
= incorrect location of 


metal insert. 
etal 


PHILIPS 
METALIX 


PHILIPS LAMPS LTO. 








CENTURY HOUSE, SHAFTESBURY AVENUE 
LONDON, W.C.2. 


Telephone . . . « « « Gerrard 7777 











ann ough to split 


Neither strain nor age can split 
Jicwood, much less an axe. It is 
even too tough to warp. Jicwood 
is a compressed wood of extra- 
ordinary strength and hardiness, 
yet easily workable. Character- 
istics are akin to metal, specifically 
lighter and cannot fatigue; yet 
the refinements of wood are 
retained. It has proved invaluable 
for wooden aircraft propeller 
blades, jigs, bearings, rollers, 
shuttles, silent gears and many 
other products where strength 
with lightness is required. It 
can be made in various grades 
and combinations: e.g., Grade 
138; Tensile 45,000 Ibs. per 
sq. in.; Shear 7,000 Ibs. per sq. in. ; 
Specific gravity 1-38. 
We shall be pleased to send 


fuller details and sample upon 
knowing your requirements. 


HIGWOOD 


ee 





JICWOOD LTD.,GROSVENOR GARDENS HOUSE, LONDON,8.W.1 
Telephone: VIC. 4527-8. Telegrams: Jicwood, Sowest, London. 
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But what was 
Stephenson’s 
Production 
Problem? 


Just this: to make one locomotive 
—only one—that would work 
Design — cost — time .... . all 
relatively unimportant. 


First the invention—then improve- 
ments, and ultimately—production 
problems! To-day our very 
existence as free peoples depends 
on our ability to achieve greater 
output in less time with fewer 
hands. These problems are solved 
by anticipation, follow-up and 
co-ordination. Kardex is helping 
many vital industries to achieve 
these ends simply, smoothly and 
with less clerical effort. 

ic PRODUCTION CONTROL, by A. R. Jackson, The 
above booklet presents an outline of production 
control problems and practical solutions. Sent on 


application for | /- post free to Dept. P.2. Kardex 
systems are available only to essential industries. 


VISIBLE CONTROL 
SYSTEMS 
1, NEW OXFORD ST., 
LONDON, W.C.1 


Tel.: CHANCERY 8888 
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Among the well-known resins are 
phenol-, cresol- and urea-formaldehyde 
in solution form and the phenolic type in 
thin sheet form. 

For laminated woods which are to be 
used for electrical insulation purposes, 
such as Insul-Jabroc, it is usual 
to spread the resins over the veneer 
sheets by passing them through a roller 
gluing machine or a vacuum impregnator 
may be employed. In assembling the 
packs of veneers, which are later pressed 
to form a densified slab, different arrange- 
ments are adopted. 

The actual pressing of the packs takes 
place in large hydraulic presses with 
platens having ducts through which hot 
water or steam for heating, and cold 
water for cooling-off purposes, can be 


PLASTICS 


127 


circulated. For improved woods, as 
opposed to plywoods, the packs of 
veneers are placed in the press cold and 
are subjected to pressure while the tem- 
perature is raised to that of the curing 
process. The pressure is maintained and 
is not diminished until the cooling process 
is completed. By this method the forma- 
tion of blisters is prevented. In the case 
of Jabroc and_ Insul-Jabroc _pres- 
sures are employed varying from 10 
to 20 times those usually used in the 
manufacture of ordinary plywood. 

A more recent method of providing the 
requisite heat is by subjecting the pack 
to high-frequency electric current, causing 
internal heating similar to that employed 
in the diathermy process of the medical 
profession. : 








RUBBER: 
Natural v. Synthetic 


At a recent meeting of the Royal Society 
of Arts, Dr. S. S. Pickles read a valuable 
paper under this title in which he compared 
the chemical, physical and* mechanical 
properties of these two important raw 
materials. He summed up the comparison 
as follows:— 

Natural rubber would appear to have the 
advantage in (a) processing properties; 
(b) resilience, elastic recovery or low 
hysterisis loss; (c) tensile strength (in some 
cases); whilst the synthetic rubbers may 
claim superiority in (a) resistance to oils 
and organic solvents; (b) resistance to heat 
and oxidation; (c) lower permeability to 
liquids and gases. 

It is thus apparent that although natural 
rubber is an extremely versatile material, as 
we realize when we reflect on the thousand- 
and-one ways in which it contributes to our 
industrial and social requirements, there are 
some important applications for which it is 
not, at present, ideally suitable. Further, 
as we have seen, there are available other 
materials which, taken separately, are cap- 
able of meeting one or other of these special 
requirements. None of them, however, is 
individually capable of satisfying all the 
needs and since the price of synthetic is 
much higher than that of natural rubber, it 
would seem that the logical procedure for 
the British rubber manufacturer, in normal 


times, would be to use synthetic products 
to supplement rather than to replace, his 
natural rubber. This would, of course, 
apply mainly to the special purpose types, 
for with raw rubber available, there would 
be little incentive to use the general purpose 
types at the higher prices. 

Dr. Pickles also gave his views on the 
economics of producing synthetic rubbers 
from petroleum and coal, the trend of their 
costs and the future of natural rubber. 


WOOD PRODUCTS 


The January 3, 1943, issue of the Ameri- 
can magazine ‘‘ Life’’ contains some 
interesting facts regarding the wood situa- 
tion and indicates that the supply is 
expected to fall short of the 40 billion 
board feet demand. Numerous examples 
are cited to show where wood has saved 
much tonnage of steel as, for example, pipe- 
lines and culverts, petroleum barrels, grain 


bins and warships, bridges, and radio 
towers. Examples are also given of Vidal 
process of manufacturing moulded ply- 
wood. [Illustrations of manufacture of 


small ’plane fuselages from plastic bonded 
plywood are quite complete. The applica- 
tion of urea treated wood is demonstrated 
for varied types of industrial uses, including 
boat construction, furniture manufacture, 
barrels, etc. 
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PRODUCTION 
NEwS 


BRITISH PLASTICS FEDERATION.— 
At the recent luncheon held by the British 
Plastics Federation, the Chairman, Major 
Stanley M. Mohr, gave a timely talk, partly 
for the benefit of the investing public, on 
the meaning of plastics, about which he 
said a considerable amount of confusion 
existed in the minds of the public. 

The magnetic attraction to investors of 
shares bearing the magic title Plastics had 
been very noticeable indeed of late, but he 
was not sure that this state of affairs was 
altogether desirable. 

The public should know that the plastics 
industry in this country had many obstacles 
to overcome and innumerable problems to 
solve before it reached full maturity, and 
was not necessarily the Eldorado which so 
many people imagine. 

On the other hand, he did not for a 
moment wish to create the impression that 
he was attempting to belittle the future of 
the plastics industry, but he was suggesting 
that, unless necessary action were taken, 
the situation was likely to get out of hand, 
which would be deplorable. 

Accordingly, the council of this federa- 
tion had under consideration a propaganda 
campaign with the long-term objective of 
promoting public recognition of plastics as 
a class of many high-quality, reliable 
materials of widely differing characteristics 
which made each material ideally suitable 
for many and varied purposes. At the 
same time, it was necessary:— 

(a) To kill the belief that plastics are 
extremely cheap (and therefore nasty). 

(b) To kill the belief that all plastics are 
really one magic material (probably made 
from milk) that can do anything. 

(c) To explain the various types of 
plastics, their limitations, uses and applica- 
tions. 


BRITISH LABORATORY WARE ASSO. 
CIATION, LTD., which has as its members 
the majority of firms of laboratory appa- 
ratus makers in the country, has recently 
formed a Technical Committee, the objects 
of which are as follow :— 

(1) To promote closer co-operation 
between bodies responsible for the design 
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Raw Materials, New Plant, Works 
Organization, Control Apparatus, 
Research, Personal and Trade Notes 


of standard laboratory instruments and 
apparatus and the manufacturers of this 
plant. 

(2) To assist in rationalization of the 
design of apparatus and to eliminate over- 
lapping, with the aim of securing economical 
production. 

(3) Collaboration to these ends with 
standardizing authorities, research associa- 
tions, etc., in the drafting of specifications. 

It is hoped that research and other asso- 
ciations will avail themselves of the facilities 
offered in order that improved service and 
better quality may result to users of the 
apparatus. 

All communications should be addressed 
to the Secretary of the Technical Committee 
at 73, Basinghall Street, London. 


WAR DAMAGE ACT.—The Board ot 
Trade announced in September, 1942, that, 
with the approval of the Treasury, it had 
been decided that the premium payable 
under the business scheme for the 12 months 
ending September 30, 1943, would not 
exceed £1 per cent. 

For the period of six months to March 31, 
1943, the rate of premium was fixed at 
10s. per cent. 

Having regard to present conditions and 
to the amount already paid by way of pre- 
mium, the Board have, with the approval of 
the Treasury, decided to fix the rate of 
premium for the whole of the year to 
September 30, 1943, at 15s. per cent., so 
that the premium to be paid for the six 
months April 1 to September 30, 1943, will 
be 5s. per cent. 


CORNERCROFT, LTD., mechanical and 
aeronautical engineers, announces the regis- 
tration of a second wholly owned subsidiary 
—Cornercroft (Plastics), Ltd. 

In a circular to the shareholders, the 
board states: ‘‘ It is intended by this means 
to combine the business of precision engi- 
neering with the closely allied industry of 
plastics. 

“‘Liquid resources are adequate for the 
expected needs of the new subsidiary, ani 
no issue of additional share capital is con- 
templated.”’ 
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Our Raw Materials 


At the Annual General Meeting of 
British Industrial Plastics Ltd., held 
on February 25, Mr. Kenneth Chance’s 
speech contained so important a 
message that we have pleasure in 
reproducing much of it here 


N the question of the raw materials of 

the plastics industry, it has been shown 
how it was dependent on the chemical 
industry, coal, water and limestone being 
the principal raw materials. Phenol, 
cresol, benzene, formaldehyde, urea and 
acetylene are all made from them. 
Another important raw material, cellulose, 
is obtained from wood pulp or cotton. It 
is thus clear that with the exception of 
cellulose all the basic raw materials for the 
industry are available in this country, but 
owing to the fact that elaborate and costly 
plant is required for the production from 
these basic materials of the chemicals 
required for conversion into plastics those 
chemicals can only be made economically on 
a large scale by concerns with great financial 
resources. In such cases the interests of the 
country may best be served by confining 
their manufacture to one factory, and thus 
conferring monopolistic powers upon the 
manufacturers. 

But unless this country is to fall behind 
others in the development of the new indus- 
tries, of which plastics will assuredly be the 
greatest, there must be mutual confidence 
between those who have the financial and 
technical resources to install and operate the 
costly and elaborate plant required to con- 
vert the basic raw materials into chemical 
raw materials for these industries and those 
whose function it is to develop the new 
industries. Producers of the chemicals must 
be sure that consumers will be found for 
them, and consumers must be equally sure 
that when they have developed new pro- 
ducts and thus created markets for those 
chemicals they will not be subjected to com- 
petition in the manufacture and sale of 
those products from the manufacturers of 
their raw materials. Such competition is 
disruptive of the confidence essential to 
progress. 

Coal and limestone, the principal basic 
raw materials for plastics, are plentiful 
enough in this country, so it should be 
possible for the plastics industry to be of 


immense service both in drawing their raw 
materials from native sources instead of 
importing them and in exporting their pro- 
ducts to those countries less fortunately 
situated in the possession of basic raw 
materials or less fully developed in technical 
ability. But I find it difficult to understand 
why even now there are few signs that this 
country’s native resources will be utilized 
to the best advantage for the production of 
these raw materials. The distillation of 
coal will provide them and yield as a 
by-product gas for the generation of elec- 
tricity. Yet the tendency seems to be to 
concentrate upon the work done in the 
United States in deriving these raw 
materials from oil instead of coal and upon 
schemes for the generation of electricity 
from water power in Scotland, 
Lack of Initiative 

Why in this country should we slavishly 
try to imitate methods adopted by other 
countries for the utilization of their native 
resources which we do not possess instead of 
devising methods of utilizing our own native 
resources? The generation of electricity 
from streams or rivers constantly fed either 
by great lakes, as at Niagara, or by melting 
snows, as on the Continent of Europe, is 
a perfectly natural development, but such 
conditions do not exist in Scotland. Mean- 
time we laboriously blast our coal, and drag 
it to the -surface for consumption in our 
grates and our factories, befouling the 
atmosphere with smoke which contains the 
very raw materials that we want for making 
into plastics, and wasting the gas that 
ought to be used for generating electricity 
to make other raw materials for plastics. 

Sixty years ago an Englishman forecast 
that the day would come when coal would 
be carbonized in situ, thereby releasing its 
power in the form of gas containing con- 
stituents of great value for recovery and use 
as raw materials for plastics, but it has been 
left to Soviet Russia to translate that fore- 
cast into practical operation. 

I will give you another example of our 
lack of enterprise in providing the new 
industries with their raw materials from our 
native resources. Calcium carbide is made 
from the combination of calcium with 
carbon (limestone and coke or anthracite) 
in electric furnaces. It is the basis not 
only of the vinyl plastics but, when com- 
bined with nitrogen, makes calcium 
cyanamid, which is !argely used as a 
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fertilizer and forms the basis of another 
range of plastics, including some amino- 
plastics. From calcium carbide can also be 
produced alcohols, acetates, and a wide 
range of solvents used in the plastics and 
other industries. This chemical was made 
in Germany so long ago as 1935 to the 
extent of more than half a million tons a 
year; it was made in huge quantities in 
Norway, N. America and in Russia. 

The importance of carbide as a raw 
material for the requirements of the modern 
world is such that it may well happen that 
before long the yardstick by which the 
industrial prosperity of a country is 
measured will be carbide in place of steel. 
Yet, before the war, in this country, where 
coal and limestone are found in quantity, 
quality and convenience of location 


equalled by few, if any, other parts of the . 


world, none was made. The installation of 
plants for the production of carbide would 
give employment to the steel industry, the 
electrical industry, the building industry, 
indeed to all the older industries; the 
operation of such plants would give employ- 
ment to the mining industries, and the 
produce of the plants would provide raw 
materials for employment of great and 
increasing numbers in the production of 
plastics and other necessities. 


Base Commerce on Industry 

Why is it that we have so neglected to 
develop the natural resources of this 
country? I have given much thought to 
this problem. Looking back over the 
centuries one finds that from Newton 
onwards this country has never lacked men 
of science whose ideas and inventions have 
laid the foundations of the revolutions that 
have taken place in industry, and yet we 
have of late allowed other countries to 
translate those ideas into practice. 

The conclusion I have come to is that we 
have been so immersed in commerce, in the 
acquisition of wealth from other lands, that 
we have ignored the fundamental truth that 
commerce should be the servant of industry. 
The vast wealth accumulated by this 
country during the 19th century was due 
to our leadership in industry, to the 
exchange of goods made in these islands for 
the produce of other lands, but when other 
countries found that they could get what 
they wanted elsewhere or make it them- 
selves we were content to act as their 
carriers, to boast of our ‘‘ invisible exports,” 
and to pat ourselves on the back for giving 
a pittance to those who were thereby 
thrown out of employment. Then came the 
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pernicious doctrine that we must buy in 
the cheapest market ‘‘ in the interests of 
consumers,’’ a doctrine that reached its 
logical conclusion a decade ago when prices 
were forced down to a point where the 
wherewithal for consumption disappeared. 


To Promote Employment 

It is the producer whose interests should 
be the first objective, and when he is suffi- 
ciently rewarded for his industry to permit 
of his exercising his choice as a consumer 
my experience is that he is remarkably 
capable of looking after himself and making 
quality the predominating factor. 

I shall be accused of talking politics, which 
is no function of the chairman of a com- 
pany addressing his shareholders. If it is 
politics to utter a warning concerning the 
position that may arise after the war is over 
in connection with the raw materials from 
the subsequent treatment of which you 
shareholders earn your dividends and your 
workpeople their livelihood, if it is politics 
to make a plea for the creation of consumers 
of the products manufactured at your fac- 
tories, I plead guilty and will magnify the 
offence by saying that I am a believer in 
personal gain rather than State control as 
the incentive to progress. 

But I am absolutely convinced that if 
those to whose lot has fallen the duty of 
developing the native raw materials of this 
country fail to develop them to the best 
advantage of the country, if they make use 
of the materials they produce therefrom to 
compete in the manufacture and sale of 
products for which their customers have 
opened up markets instead of helping them 
further to develop those markets, particu- 
larly if such competition comes from those 
who hold a monopoly in the manufacture of 
raw materials, this country will fail to take 
the place in the industries of the modern 
world to which it is entitled through the 
wealth of those native resources, the ability 
of its scientists, and the industry of its 
citizens, and State control of industry will 
inevitably follow. 

On the other hand, by co-operation, by 
confidence in one another, and by unity of 
purpose in the country’s interests, there is 
nothing to prevent Great Britain gaining 
the leadership of the world in the develop- 
ment of plastics, and if in time of war our 
production of materials of war per head of 
the population can exceed those of any other 
country in the world, so shoul! we, when 
peace comes, exceed other countries in the 
production of materials for the benefit, in 
place of the destruction, of mankind. 
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Resinoids and Other Plastics 


as Film Formers 


By B. J. BRAJNIKOFF, 


Consuiting Electrical Engineer 


XVII.—Swelling in Relation to Permeability of 
Organic Membranes 


i ip-we phenomena of swelling of gels 
have been and still are the subject 
matter of study by numerous investi- 
gators, yet, notwithstanding these efforts, 
they have not succeeded hitherto in 
producing a unified and _ concordant 
point of view. There is also a complete 
lack of understanding as to why one gel 
is capable of swelling to a more marked 
extent in. one liquid than in another, or 
displays a limited or, conversely, an 
unrestricted swelling in other media. 

All theories of swelling, as expounded 
by Katz, Pauli, Loeb and others, with 
the exception of Duclaux, are based 
on experimental data, obtained as a 
result of the studying of gels of such 
substances as gelatine, agar-agar, egg 
albumen, rubber and the like. The 
solvent media used were either pure 
water or aqueous solutions of electrolytes 
or non-electrolytes. 

Duclaux, who examined the process of 
swelling of nitrocellulose, came to the 
conclusion that gels must possess a 
cellular structure and that a liquid pene- 
trating into these cells forms there 
solutions. In consequence of the formation 
of solutions, there takes place the 
phenomenon of osmosis, which gives rise 
to swelling. 

However, up to now there is not a 
single hypothesis which would encom- 
pass all the complex range of the 
phenomena occurring in the process of 
swelling. 

Therefore, considering the processes of 
swelling, for instance, of such a material 
as gelatine, previously freed from elec- 
trolytes by means of dialysis, and the 
swelling of nitrocellulose in alcohol-ether 


mixture, we are dealing with phenomena 
of different natures, which are extremely 
difficult to embody within the framework 
of a single theory, based, for example, 
on parameters peculiar to gelatine and 
water, but not characteristic for the 
system: nitrocellulose + alcohol/ether 
mixture. 


The Processes of Interaction of Cellulose 
Ethers with Solvents 


The mechanism of interaction of cellu- 
lose ethers with various solvents is still 
far from clear. The technological treat- 
ment, for instance, of nitrocellulose with 
the object of obtaining from it plastic 
products is designated as_ gelation. 
From the colloid-chemical viewpoint, 
this process denotes a stage in the tran- 
sition of-sol into the solid or semi-fluid 
state, proceeding without separation of 
a disperse phase from dispersoid media. 

Typical examples of such processes of 
gelation may be that of the conversion 
of a gelatine sol into the gel form under 
the influence of reduced temperature 
ot the passage of silicic-acid sol into gel. 

Again, if we analyse the reactions 
occurring in the gelation of, cellulose 
ethers, it will be seen that here we have 
phenomena of a different nature. For 
this reason the term “‘ gelation of cellu- 
lose ether’’ should be regarded as an 
expression requiring qualification. 

Let us consider, for instance, the 
industrial process of producing cordite 
via a volatile solvent under conditions 
where interaction takes place between the 
solvent and the cellulose nitrate. The 
first stage is the mixing of the cellulose 
nitrate with the alcohol-ether mixture in 
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a mixing machine for a definite period 
of time. The product thus formed is 
then transformed, through the medium 
of presses, into a uniform mass, from 
which by means of extrusion through 
suitable dies, ribbon or threadlike 
materials of various thicknesses are 
obtained, ready for the further reduction 
to appropriate particle size. The produc- 
tion technique for celluloid plastics 
follows similar lines. 

The cellulose nitrate used for this pur- 
pose is not a chemical individual, but a 
mixture of cellulose nitrates of various 
degrees of nitration, which behave in a 
different manner on being subjected to 
treatment of the alcohol-ether mixture. 
Some of these nitrates are easily dis- 
persed in suitable solvents, whilst others 
display a limited swelling. 

Therefore, all the nitro-esters of cellu- 
lose entering into the composition of 
pyroxylin, in their interaction with 
solvents, first pass through a stage of 
swelling, then, part of them, on attain- 


ing this limit, cease to increase in 
volume. At the same time, the remain- 
der, including those of low degrees 


of nitration, are dispersed in the liquid 
forming a sol, after passing through the 
swelling phase. 

Consequently, in the treatment of 
cellulose nitrates for the production of 
pyroxylin by alcohol mixtures or other 
solvents there occurs initially a swelling 
process terminating, in part, by sol 
formation. 

Thus, pyroxylin, on emerging from the 
mixing apparatus, represents a swollen 
gel of the cellulose esters, containing a 
certain quantity of sol of the esters of a 
lower degree of nitration. Such a mass, 
on being introduced into the press, gives 
plastic. products, to which it is possible 
to impart any desired shape. 

So it follows that the initial and funda- 
mental process occurring in mixers is the 
process of swelling of the cellulose-ester gel 
with a subsequent sol formation for a 
certain portion of the gel. 


For this reason, in studying the 
mechanism of interaction of cellulose 
nitrates, or other of its esters, with 
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various solvents, these phenomena should 
‘be approached and examined as the pro- 
cesses of moistening, swelling, sol forma- 
tion, and (as a final stage, for a certain 
portion of the gel) gelation. 


Thermodynamic Considerations 


Thermodynamic theories of moistening, 
which regard this process merely from the 
standpoint of variation of the free energy 
of a system, furnish no adequate concept 
of the moistening mechanism and those 
forces the manifestation of which results 
in this phenomenon. 

In this regard, the views of Langmuir?3 
and Harkins,?!4 who consider the moisten- 
ing from the angle of molecular orienta- 
tion of the surface layer, and the presence 
of active parts of molecules possessing 
free electric fields of force, provide some 
interpretation of the mechanism of these 
processes. 

It should be emphasized that the 
phenomenon of moistening is a primary 
stage in the process of swelling. Without 
due investigation of this stage it is almost 
impossible to arrive at an understanding 
of the nature of swelling itself. 

Unfortunately, there are extremely few 
published studies on the swelling of cellu- 
lose esters in general and of cellulose 
nitrates in particular. 

On the one hand, this is due to the fact 
that the constitution of cellulose and its 
precise structure have not yet been finally 
established, and, on the other, to the fact 
that cellulose esters have been employed 
in technically narrow and specific fields; 
only recently have they begun to find 
increasingly wide applications in industry. 

From what has been said it follows 
that, up to the present, there is yet no 
clear understanding of the interaction 
‘between the cellulose nitrate and _ its 
solvents. However, the majority of 
investigators are inclined to consider that, 
between solvents for cellulose nitrate and 
the latter substance itself there take place 
reactions of a chemical nature. 

Further very important factors in the 
process of gelation, to which due atten- 
tion is not usually paid in manufacture, 
are temperature and pressure. In this 
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case, by applying the thermodynamic 
principles, it is possible to predict’ the 
course of the process of swelling, consider- 
ing the swollen gel as a _ chemically 
balanced system. 

As the swelling process is of an exo- 
thermic character, proceeding with a 
reduction in the volume of the system, it 
is evident that, from the viewpoint of the 
law of Le Chatelier, it can operate in 
either direction, depending on the varia- 
tion of the factors controlling the equili- 
brium of a given system. In this respect 
the process may be controlled at will. 

Lowering of temperature (gel + sol- 
vent) must inevitably promote the pass- 
ing of the system into its new state, which 
should be accompanied by the release of 
heat. The only possible process in this 
event will be solely that of swelling. 
Therefore, should the gel fail to swell at 
ordinary temperatures, it is sure to do 
so at lower temperatures. 

Let us consider a possible transforma- 
tion of the system as a result of altering 
the second factor, viz., pressure. Under 
augmented pressure, the only feasible 
process is swelling, because diminution in 
volume of the system occurs. 

Let us apply these thermodynamic con- 
ceptions for the explanation of processes 
taking place in the mixing machines and 
presses during the preparation of plastic 
masses from cellulose nitrates. 

Technological processes for the produc- 
tion of similar plastic materials, particu- 
larly in the mixing and moulding stages 
(working under the pressure of 250 to 400 
atmospheres), are, from the colloid- 
chemical viewpoint, not adequately clari- 
fied; they lack theoretical cohesion and 
are mainly based on empirical data. 

There can be no doubt that, under 
practical conditions, variation of tempera- 
ture and pressure must, of necessity, exert 
a direct influence upon the quality of the 
products. Again, on theoretical grounds, 
nitro-esters of cellulose, with one and the 
same nitrogen content and with one and 
the same amount of incorporated plasti- 
cizer, but under different conditions of 
temperature and pressure during the 
moulding operations, should give 
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materials of various degrees of inhomo- 
geneity .2 


Verification by Experiments 
As a result of experimental checking of 
the theoretical considerations discussed, 
as well as from observations of other 
workers, Okatoff and Emmanuilovaé 
have arrived at the following conclusions: 

1. The process of the interaction of 
cellulose esters (in particular, cellulose 
nitrates), with various solvents, pro- 
ceeds through the three stages: (a) 
moistening, (b) swelling, (c) forma- 
tion of a sol. 

2. Moistening, or non-moistening, is 
dependent upon the physico-chemical 
properties of solvent and the ester con- 
cerned. Owing to moistening of the 
surface of micelles forming the capil- 
lary orifices and intermicellar voids, 
the solvent percolates into these 
interstices, and forms around and 
within the micelles solvate films. 

3. Due to formation of solvate 
envelopes, the system _ undergoes 
micellar disruption. If the process of 
interaction of micelles with a solvent 
be confined to the formation of solvate 
films of only small thickness, then the 
gel swells only to a limited extent. If, 
on the other hand, solvation progresses 
very vigorously, and the solvate films 
attain dimensions at which the electric 
forces of attraction acting between 
micelles lose their effect, then the 
micelles (in consequence of diffusion) 
are uniformly distributed in the liquid, 
forming a sol. It is very probable that 
in this case, osmotic pressure within 
the gel is a factor of considerable 
importance, owing to dissolution of 
certain portions of gel in the capillaries 
and in the intermicellar spaces. 
Lipatoff, Norton and  Kunitza, 
postulate these hypotheses. 

4. Thermodynamic considerations 
indicate that the process of swelling 
should proceed with greater energy at 
lowered temperatures and high pres- 
sures. Experimental evidence supports 
these views with regard to the 
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dependence of the swelling process on 
temperature. 


5. The treatment of cellulose esters 
in mixing apparatus is, thus, reducible 
to the process of limited swelling of one 
part of the ester and a sol formation of 
the other. 


6. Temperature conditions, and 
pressure, play a very important rdéle in 
the technique of production of plastic 
materials from cellulose esters. 


7. The application of low tempera- 
tures and high pressures offer the 
possibility of obtaining more 
homogeneous, colloidal plastic masses, 
which, in certain cases, are unattain- 
able under the usual conditions of 
temperature and of insufficiently pro- 
longed high pressures. Experiments 
show that, at the temperature of solid 
carbonic dioxide, the swelling process 
and sol formation proceed very rapidly. 

8. Improvements in the manufac- 
ture of plastic products from cellulose 
esters should be directed towards the 
lowering of temperatures, and the use 
of elevated pressures for prolonged 
periods. 


Examination of Physical Heterogeneity 
of Cellulose Ethers 

All ethers of cellulose, such as_nitro- 

cellulose, used in the production of 

cinematograph films, lacquers and other 


coating media, rayon, etc., are in a 
greater or lesser degree physically 
heterogeneous substances. 

The presence in the commercial 


materials of different fractions, varying 
one from another in particle sizes, and 
possibly in a large number of other 
characteristics, naturally, should also 
have a definite influence upon the 
physical and mechanical properties of 
films and fibres derived from cellulose 
ethers. 

Let us consider this aspect in so far as 
it comcerns a very extensive and 
important group of cellulose ethers as 
typified by nitrocellulose. Primary 
significance in clarifying the permissible 
heterogeneity of the industrial nitro- 
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celluloses attaches to the overall effect of 
the ‘properties of separate fractions, and 
of alteration of the colloid-chemical 
features of the initial nitrocellulose, with 
the change of ratio between different 
fractions. 

The problem of the chemical hetero- 
geneity of nitrocelluloses is of consider- 
ably less importance, as the difference in 
the degree of the etherification of the 
individual fractions of the technically 
available nitrocelluloses is not large. By 
employing the usual methods of fraction- 
ation, it has not yet proved possible to 
isolate individual fractions more or less 
distinguishable by inherent chemical 
structure. 

Without entering here into the possi- 
bilities and methods of fractionating of 
the nitrocelluloses according to their 
chemical nature, Rogovin and Grass- 
man,237 who investigated this problem in 
detail, arrived at the following con- 
clusions: In order to determine the influ- 
ence of the degree of the heterogeneity, 
and the relationship between separate 
fractions of nitrocellulose, upon the 
physico-chemical properties of the 
resultant films and fibres, it is impera- 
tive to carry out preliminary. studies: (a) 
degree of heterogeneity of separate col- 
loxylins; (b) variation of the ratio of 
different fractions in a colloxylin depend- 
ent on the conditions and intensity of 
treatment of the initial “nitrocellulose; (c) 
characteristics of individual fractions, 
their chemical composition, appearance, 
specific and structural viscosities, degree 
of depolymerization, and the physico- 
mechanical features of films derived from 
separate fractions. 

Notwithstanding the great volume of 
work carried out on the problem of the 
fractionation of cellulose ethers in general, 
and nitrocellulose in particular, definite 
and accurate answers to these problems 
have not yet been found. 


Existing State of the Problem 
The present day problem in this sphere 
may be summarized as follows:— 
1. All technical cellulose ethers, as 
typified, for instance, by nitrocellulose, 
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are physically heterogeneous products. 
The first and the second fractions, 
liberated by the usual method of the 
fractionation, comprise about 90 per 
cent. of the general quantity of the 
nitrocellulose, whilst with decrease of 
the viscosity of the initial ether the 
percentage content of the second 
fraction increases, with corresponding 
decrease in the amount of the first 
fraction. 

2. The first and second fractions of 
nitrocellulose do not differ in the degree 
of etherification, the third fraction, 
containing more depolymerized and 
partly degraded products, possesses a 
smaller nitrogen content. A more 
systematic separation of individual 
fractions according to nitrogen content, 
by means of fractional precipitation, is, 
apparently, not feasible. 

3. The first and the second fractions 
of nitrocellulose differ appreciably in 
the value of the structural viscosity of 
concentrated solutions obtainable from 
separate fractions. With respect to the 
specific viscosity of diluted solutions, 
the first and the second fractions differ 
but slightly. The structural viscosity 
of the initial nitrocellulose is, in the 
main, determined by the structural 
viscosity of the first fraction. 

4. Cellulose, regenerated from the 
second fraction of the nitrocellulose, is 
broken down somewhat more than that 
regenerated from the first fraction. 

5. The strengths of films derived 
from the solutions of the first and the 
second fractions are, in practice, indis- 
tinguishable one from another, and 
differ very little from the strength pro- 
perties of films obtained from the 
initial nitrocellulose, in spite of a con- 
siderable difference in the viscosity of 
equi-concentrated solutions. 


6. In order to elucidate the influence 
of the physical heterogeneity of nitro- 
cellulose upon the physico-mechanical 
properties of films and filaments it is 
essential also to study the additive 
characteristic effect of individual frac- 
tions in the initial nitrocellulose. 
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Coagulation Mechanism of Cellulose 
Ether Sols 


As the process of gelation is of such 
obvious importance in film formation, and 
to the plastics production generally, it 
will be examined in greater detail. 


As stated previously, the problem of 
the stability of lyophilic systems and the 
mechanism of their coagulation cannot 
yet be considered as adequately clarified, 
in spite of voluminous research in this 
field. 

There exist two fundamental points of 
view on the subject:—According to Kruyt 
and Bungenberg de Jong,” the process 
of gelation or coagulation of lyophiles is 
one of coacervation, i.e., a separation 
process connected with the release of 
liquid droplets (or liquid layers) contain- 
ing ‘‘ swarms ’”’ (or acervus) of solvated’ 
colloidal particles, which preserve their 
individuality. 

According to another concept, the 
coagulation of lyophile colloids is a 
phenomenon analogous to crystallization. 

Experimental data obtained by 
Glikman” in his studies of the organic 
sols of nitro- and benzyl-cellulose pro- 
vide an effectual means of bringing to 
light certain details of the coagulation 
process, which are of primary sig- 
nificance. 

In considering the change of state of a 
colloidal lyophile system in relation to 
temperature, composition of the solvent, 
and other factors, we shall refer to the 
alteration in the relationship of the forces 
of mutual cohesion between the colloidal 
particles (cohesive forces), on the one 
hand, and the forces of inter-action of 
the colloidal particles with the molecules 
of solvent (adhesive forces), on the other. 

With regard to variation of state of the 
lyophile colloidal system, we have to 
analyse not only the coagulation and dis- 
persion but also the association of col- 
loidal particles in solution. 

The term “‘association,’’ as used here, 
is intended to denote the combination of 
chainlike molecules into groups, under 
the influence of Van der Waal’s forces, of 
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the permanent or induced dipoles, ifre- 
spective of the degree of orientation and 
mutual orientation of these molecules. 

‘* Associates’’ are unstable molecular 
groups in dynamic equilibrium with the 
solute. By the term ‘‘aggregation’’ we 
signify that type of association where, in 
consequence of predominance of cohesive 
forces over forces of attraction to a sol- 
vent, there occurs the formation of irre- 
versible groups—aggregates. This takes 
place, for example as we have seen, dur- 
ing the conversion of a lyophile sol into a 
lyophobe system. 


Dependence of Coagulation Points on 
Temperature 

The influence of temperature upon the 
solubility of cellulose ethers in mixtures 
of solvents has already been noted by 
Mardles,23 who, however, made no 
special deductions as to the nature of this 
phenomenon. 

According to Glikman, who investi- 
gated various fractions of the benzyl and 
nitrocelluloses, coagulation of solutions of 
cellulose ethers in mixed solvents, with 
the addition of excess of one of the com- 
ponents of the solvent (or another liquid 
soluble in a given media), proceeds in the 
following fashion. 

First, on attainment of maximum con- 
centration of the precipitating component 
(for instance, alcohol or benzene), the 
solution becomes turbid, a phenomenon 
followed by the formation of swollen 
flakes, which, on settling down, coalesce, 
this resulting in the production of a 
gelated precipitate. 

On separating by decantation a pre- 
cipitate so formed, and mixing it 
repeatedly with pure alcohol or benzine, 
it is ultimately possible to extract from 
it almost all the benzol, thus the precipi- 
tate is desolvated and loses its gel-like 
consistency. 

The same result occurs, if a benzol solu- 
tion be treated directly with great excess 
of alcohol or benzine. If high concen- 
tration of the coagulating component be 
created in a very dilute solution of cellu- 
lose ethers, there takes place the forma- 
tion of a ‘‘lyophobe”’ sol, i.e., of a 
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system, similar to the aqueous sol of 
nitrocellulose. 

The point of coagulation depends upon 
temperature level. The higher the tem- 
perature, the greater the amount of the 
alcohol which can be added to the alcohol- 
benzol solution before onset of the point 
of turbidity. 

The essential fact, established by these 
experiments, is the displacement, or shift- 
ing, of the points of coagulation with the 
rise of temperature, in the direction of 
higher content of the coagulating com- 
ponent, regardless of the degree of its 
polarity (for example, whether it be 
alcohol or benzine). 

If coagulation be interpreted as the dis- 
ruption of equilibrium existing in a sol 
between the cohesive forces of the col- 
loidal particles and their forces of attrac- 
tion towards the solvent, then the most 
probable explanation of the observed 
shifting of the coagulation point may be 
considered as a weakening of the forces 
of cohesion between the particles of 
benzylcellulose: of all possible tempera- 
ture effects, this factor, obviously, has the 
greatest significance. 

If weakening of the attraction of the 
particles of cellulose ether to the solvent 
were the prevalent factor, there would 
occur the reverse relationship, that is, the 
displacement of the point of coagulation 
in the direction of a smaller proportion of 
coagulating component. 

Should the governing factor be varia- 
tion of the degree of molecular association 
of the solvent components, then the shift- 
ing of the coagulation point would be 
observable, for instance, in alcohol- 
benzene solutions, but not in the mixture 
of benzol pius benzine. 

Finally, as a direct indication of the 
increase of solubility of cellulose ethers 
with rise of temperature, may serve the 
data of Glikman! on swelling and dissolu- 
tion of the lower fractions and decomposi- 
tion products of benzylcellulose in pure 
alcohol. 

In these experiments benzylcellulose 
was shown to swell markedly in aleohol 
at 40 degrees to 50 degrees C., forming 
a soft plastic mass. On cooling, it became 
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hard and brittle, evidentiy on account of 
desolvation. The products of decomposi- 
tion of the benzylcellulose were soluble 
in alcohol on heating. When cooled, a 
clear solution turned turbid, and, under 
the ultramicroscope, it was possible to 
detect all stages of coagulation. 

Dependence of coagulation points on 
the temperature is also observed in the 
case of nitrocellulose, just as for benzyl- 
cellulose, 

An analogous relationship probably 
governs the coagulation mechanism in 
other systems of the cellulose ethers. 


Discussion of Results 


With regard to the stability of sols of 
cellulose ethers and the mechanism of 
their coagulation, the first point to note 
is the inapplicability to such systems of 
the hypothesis of coacervation,’ as 
postulated by Kruyt and Bungenberg 
de Jong.%39 , 

These workers consider that two 
particles, enveloped by the diffusion 
solvate films, cannot approach one 
another near enough, as the kinetic 
energy of the colloidal particles is 
insufficient in order to distend the two 
diffusion layers of oriented ions of the 
solvent. 

But the forces inducing orientation in 
the layers, with the exception of the first, 
immediately adjacent to particle, are 
very feeble. Besides this, the filament- 
ary molecule of the lyophile possesses 
groups of various degrees of polarity, and 
the orientation of ions and molecules of 
solvent around such a particle is highly 
complex. 

For this reason there is no ground for 
supposiug that the oscillating colloidal 
particles (due to Brownian motion) can- 
not collide with one another through their 
polar groups (for instance, the groups OH) 
in the same way as these groups collide 
with ions of the solvent. The impact of 
particles is bound to take place, and thus 
lead to their association. But after the 
association process there follows disasso- 
ciation owing to the attraction of par- 
ticles by solvent. There exists the state 
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of equilibrium between the associates and 
the free molecules, analogous to equili- 
brium between the crystal and the 
saturated solution. 

In the case of colloids, the variation in 
the composition of solvent first affects 
only the degree of the association of the 
particles of the dispersion phase. But 
with such a solvent composition, when 
the adhesion is weakened so much that 
the forces of cohesion between the 
particles become predominant, associatés 
are transformed into the aggregates: 
there takes place the coagulation, with 
the complete liberation of the dispersed 
phase from the solvent. 

It is known that the solubility of the 
colloids is hundreds and thousands times 
less than that of the most insoluble salts, 
such as barium sulphate, silver chloride, 
and the like. This is understandable, 
because the probability is far too small 
that the thermal agitation will simultane- 
ously disrupt all the numerous electro- 
static bonds, by means of which are 
interconnected the large colloidal particles 
or the chain-like molecules of the 
lyophiles. The ethers of cellulose, in this 
respect, are no exception. 

For the reasons stated above it is 
evident that the explanation of the 
coagulation process of lyophile systems 
should be sought neither in the passage 
of the diffusion solvate film into a dense 
layer, nor in the amalgamation of the 
‘droplets’? on account of surface 
energy that resides at their boundary or 
in the formation of ‘‘swarms’’ of the 
particles in the segregated liquid, i.e., not 
in the coacervation, but in the variation 
of the relationships between the forces of 
cohesion of colloidal particles and the 
forces of their attraction to the solvent. 

Thus, in the coagulation there is being 
built a continuous solid phase, formed by 
the filamentary particles, bonded through 
some of their groups, while the rest 
remain in the solvated state. The 
stability of sols of the cellulose ethers is 
conditioned by the relation of the cohe- 
sive forces between the particles and the 
forces through which they are attracted 
by the solvent. With the change in the 
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composition of the latter, the adsorption 
equilibrium is unbalanced, thereby creat- 
ing the predominance of the forces of 
cohesion and resulting in coagulation on 
account of the non-solvated groups of a 
particle. 
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INQUIRIES AND ANSWERS 
(Continued from page 107) 


incorrectly, we believe it was Lord 
McGowan who once said that if the coal 
owners had spent one penny on research for 
every pound spent by the Imperial Chemi- 
cal Industries, Ltd., then there wouid have 
been no coal problems to solve. 

It is our solemn opinion that the coal 
owners simply do not know what research 
entails and believe that it is not they who 
ought to do any. They have merely dug 
coal out of the ground and sold it to the 
highest bidder in a manner which Dr. E. W. 
Smith once rightly called ‘‘ crazy.’’ While 
no doubt the colliery owners installed cer- 
tain amenities for their workers, carried 
out research on Safety in mines, and some 
few produced special paints or insecticides, 
we do not regard the sum total as being 
other than puerile. 

We still maintain that research work on 
coal has been done by the chemical factories 
or by those individuals and companies out- 
side the coal-hacking field who have been 
vitally interested in using coal and its by- 
products to the best advantage, that is those 
interested in chemicals, fuels and fuel com- 
bustion plant, etc.] 


Hard Plastic Films 

In a recent issue (February 11) of the 
‘“ Foundry Trade Journal ’’ we noted an 
extract from an American technical 
journal which referred to plastic coatings 
for core boxes and wood patterns used in 
ferrous and non-ferrous foundries. 

The article indicated that plastics 
offered a very good material for the coat- 
ing of wood patterns and also core boxes 
to reduce wear. It was claimed that sur- 


faces up to 91 per cent. of the hardness 


of glass can be procured, and that these 
coatings were particularly applicable to 
core boxes where its resistance to core 
compound render it extremely desirable. 
Complete details of the method of appli- 
cation were not given, aithough it was 
stated that the viscous plastic was 
sprayed on in successive coats according 
to the ultimate thickness desired, and 
that the cost amounted to about £1 per 
sq. ft. of area treated, thereby making 
the wood pattern plus coating cost some- 
where in the neighbourhood of half to 
two-thirds that of a metal plate. 

Being large founders, we are particu- 
larly interested in this new application of 
plastics and write to ask if you have any 
details of such application or investiga- 
tions into same in this country, also as 
to whether the process would involve 
expensive or complicated equipment (for 
example, the technical article refers to 
‘“ successive spraying is followed by treat- 
ment in a_ special solvent extraction 
chamber, removal of this solvent permits 
blending the successive coats into one 
continuous film.’’) 

We should very much appreciate any 
information you may be able to give to 
us in connection with the matter and 
would like to be kept in touch with any 
progress which is made as regards the 
applications referred to; further, it may 
be that we would like to carry out some 
experiments on the lines suggested by the 
article, and we should be very thankful 
for your help as to what would be the 
best method of making contacts ° 

H.H.S. 
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One too many 


N these days of high endeavour the manufacturer must some- 
times feel rather like an anxious juggler, half wondering 
whether the next ticklish problem will be one too many for him. 
With all his ingenuity in organization he may find it impossible to 
increase output still further without some impairment of quality. 
It is here that Simmonds can help. 

The Simmonds products were designed to solve precisely 
this problem, and solving it they are, all over the country. They 
are calculated to save time, to save material and to simplify 
assembly: in a word, to speed up production all round without 
fuss or delay. 


SIMMONDS 


The Creative Impulse in 
AERONAUTICAL, INDUSTRIAL & MARINE 
Construction 


THE SIMMONDS NUT : PINNACLE NUT: SPIRE NUT 
SIMMONDS GAUGES, INSTRUMENTS AND CONTROLS 
FRAM OIL & ENGINE CLEANER 


SIMMONDS AEROCESSORIES . LTD. 
_ GREAT WEST ROAD, LONDON 


A COMPANY OF THE SIMMONDS GROUP 
LONDON, MELBOURNE PARIS, NEW YORK, 























xxvi 


to the specific re- 
quirements of our 
customers. 


Makers of all types 
of repetition pro- 
ducts from the bar 


1 
= 
in all metals. 
er 


Rg 
¥ 3 


M-C-L and REPETITION LTD. 
POOL LANE: LANGLEY: BIRMINGHAM. 


PLASTICS 








WANTED—ELECTRIC MOTORS, 
GENERATORS and ALTERNATORS of any 
size and voltage. Machines.than require 
slight overhauling would be entertained. 
Also Switchgear, Panels, Steam and Diesel 
Generating Sets, etc. GEORGE COHEN, 
SONS & CO., LTD., WOOD LANE, 
LONDON, W.12, and Stanningley, nr. Leeds 
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— MOULDS, DIES, JIGS. 
&- GAUGES FOR ANY 
FAG TIC PROBLEM 


214/222, Cardigan Road, LEEDS, 


Telephone: LEEDS 52033 


REDUCE NOISE 
INCREASE OUTPUT 


Equip your workers with the 
appliance tested and proved by more 


than 25 years’ successful service :— 
the 


MALLOCK-ARMSTRONG 
EAR DEFENDER 


39, Victoria St., London, 8.W.1. Phone: ABBey 7/13 














MACHINERY, PLANT & TOOLS — cons. 








WHEN YOU REQUIRE 


machine-engraved, chemically-etched or 
die-pressed calibrated dials and rack arms, 
instrument panels, labels, etc., in metal or 
plastics (in English, Russian or other 
languages) consult 


THE STAR PROCESS ENGRAVING CO. LTD. 
Lower Mosley Street, Manchester 2 ° 
A.I.D 
FULLY APPROVED 











FINANCIAL & PARTNERSHIP 


ADVERTISER desires to take an interest in Industrial Plastics. 
Details in confidence to Box No. 2871, c/o ‘‘ PLASTICS,” 
Bowling Green Lane, London, E.C.1. 70/50 


FIRST-CLASS TECHNICAL MAN with ideas and biti 








SEVERAL BRAND NEW MOTORS, from 1} h.p. 
400/440 volts, 3-phase, 50-cycles. THE STERLING Puli 
CO., LTD., 29, London Road, Spalding. 71/76 


MACHINERY, PLANT & TOOLS WANTED 











HYDRAULIC ,PRESSES WANTED. Send fullest details and 
prices to Box No. 3697, c/o “ PLASTICS,” Bowling Green Lane, 
London, E.C.1 72,71 








PRODUCTION CAPACITY AVAILABLE 





ADVERTISER IN A POSITION TO UNDERTAKE PELLETING. 
Send enquiries to Box No. 3226, c/o “PLASTICS,” Bowling 
Green Lane, London, E.C.1. 70/x7281 








SITUATIONS VACANT 





PRODUCTION SUPERINTENDENT for Large Works Moulding 
in Plastics, Bitumastics and Rubber. Engineerihg ability and 
previous experience in a similar capacity is desirable. Age not 
over 40, Remuneration for a qualified man approx. £600 per 
annum. Box No. 3995, c/o ‘‘PLASTICS," Bowling Green 
Lane, London, E.C.1. 70/78 





WORKS MANAGER REQUIRED for a small Plastic Moulding 
Plant in Essex. Must be a man fully experienced and prepared 
to take off his coat and work if necessary, and also in a position 
to accept an immediate appointment. Send fullest details to 
Box No. 3994, c/o ‘‘ PLASTICS,” Bowling Green Lane, 
London, E.C.1. 73/79 





SITUATIONS WANTED 





MAN WITH GOOD TRAVELLING EXPERIENCE and 





required as partner by business man, view to starting own 
plastics company. Please send fullest particulars in strict 
confidence to Box No. 3915, c/o ‘‘ PLASTICS,”’ Bowling Green, 
Lane, London, E.C.1. 70/x8965 


MACHINERY, PLANT & TOOLS 


ELECTRIC MOTORS, Engines, complete Generating Sets, guaran- 
teed. GERBER POWER UNITS, Wembley. 70/52 


FOR SALE. Four 3-cubic feet capacity Mixing Machines, two- 
blade type, revolving at unlike speeds, discharge outlets at 
bottom, belt-driven type, fast and loose pulleys, troughs not 
jacketted, have been used for bitumastic materials, open top 
troughs but fitted with hoeds. Apply Box No. 3996, c/o 
‘* PLASTICS,” Bowling Green Lane, London, E,C.1. 70/77 














ti in Ireland, desires to contact a Plastics Firm of 
repute, with a view to post-war representation. Box No. 3767, 
c/o ‘*‘ PLASTICS,” Bowling Green Lane, London, E.C.1, 
70/x8762 








MISCELLANEOUS 


ACETATE AND NITRATE OFF-CUTS and scrap sheets, also 
flakes, available for work of National Importance. LLOYDS, 
72, Bridge Street, Christchurch. 2zz/65 








MONOMARE. Permanent confidential London address, Letters 
redirected. 5/+p.a. Write BM/MONO76, W.C.1. 74/73 








7,000 MEMBERS OF THE SCIENTIFIC BOOK CLUB believe 
that Knowledge is Power. Are you a member? Particulars from 
121, Charing Cross Road, London, W.C.2. 222/66 
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